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Upon completion analytical experiments, every research chemist, 
whether uses “test tube” must calculate his 
findings the international language figures two forms (weights 
and equivalents), and often three (weights, equivalents and percent- 
equivalents), and then compare experimental data with theoretical 
values. 

Technicians and statisticians working with the results hydro- 
chemical analyses performed different times different laboratories 
inevitably face the problem converting their figures one system. 

All such calculations are considerably simplified the use the 
tables and nomograms this book, originally published the State 
Scientific and Technical Press for Literature Geology and the 
Conservation Mineral Resources, Moscow. 

All the tables and nomograms are based analytical results 
expressed the form widely used hydrogeological practice—milli- 
grams per liter (weight form) and milligram-equivalents per liter 
(equivalent form). For calculation percent-equivalents, the sum 
cation equivalents and the sum anion equivalents are taken 100% 
each. Several new tables are presented for the first time, and the many 
tables for converting water-analysis results from one form another 
make possible find the milligram-equivalents for any practically 
possible content component water, accurate the second 
decimal place, and the weight content substances tenths 
milligram. 
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SEPTIC VIBRIO TOXOID 
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Translated from Biokhimiya, Vol. 25, No. pp. 977-980, 
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the use the method salting out with neutral 
salts and precipitation with acids and organic solvents 
has been possible isolate pure form and establish 
the protein nature number bacterial 
There relatively less information the literature 
the chemical composition toxoids; known 
that preparation toxoid Bac, histolyticus 70- 
100% protein 

The problem the present work isolate and 
study chemically the toxoid septic vibrio, 


METHODS 

Isolation purified The septic vibrio toxoid 
was obtained detoxification native toxin separated 
from the microbe body the presence formalin 
for two days 37°, The native toxoid was concentrated 
precipitation with HCl the isoelectric zone, with 
addition NaCl [4]. 

After the precipitate had been washed three times 
with 0,01 acetate buffer, was dis- 
volume 1/50 the original, The native toxoid contained 
units activity per nitrogen (the activity 
was determined combining units, CU, with standard 
specific antiserum), the concentrate contained 50-100 
CU. 

The concentrates obtained selective solution 
acetate buffer were purified repeated reprecipita- 
tion with acetone the cold Then the precipitate 
was dissolved 0,05 acetate, concentrating 4-5 
times, The purified, concentrated solution toxoid had 
light yellow color, However, this preparation could not 
considered pure, homogeneous toxoid, since 
could divided nitrogen content the organic sub- 
stances (from mg%), contained 200-400 
per nitrogen, The lyophilically dried, purified 
toxoid was fractionated with acetone which permitted 
separation from the heterogeneous materials the puri- 
fied concentrates number preparations toxoid 
with identical compositions and high 

Fractionation acetone, The dry toxoid prepara- 
tion was dissolved distilled water (10 and 


precipitated addition increasing amounts ace- 
tone, Each portion acetone was added the clear 
centrifugate after separation the precipitate obtained 
from the preceding portion acetone, The precipitate 
was dissolved distilled water, once more reprecipi- 
tated acetone, again dissolved water, and dried 
lyophilization, All these procedures were carried out 
temperatures 10-15°, The toxoid fractions were ob- 
tained acetone contents 40, 60, 80, and 100% (by 
volume), The first fraction was obtained precipitation 
with 40% acetone and was slightly The fractions 
obtained using 60, 80, and 100% acetone had different 
activities and were studied chemically, 


RESULTS 

Chemical Composition and Some Physical Properties 
the Toxoid 

the toxoid fractions obtained precipitating 
with 60, 80, and 100% acetone with different activities, 
determined the content with micro-Kjel- 
dahl, and reducing sugars the method Hagedorn- 
Jensen, The results, given the table, show that all the 
fractions contained similar amounts nitrogen, but 
differed activity, amount reducing substances, and 
ash, Elementary analysis the ash showed that its main 
component was iron, 

The toxoid preparations were hydrolyzed hours 
water bath 100° with after paper 
chromatography the hydrolyzate, using solvent 
mannose, glucose, and trace galactose, Determina- 
tion carbohydrates according Hultman [6] permit- 
ted avoid the errors introduced the presence 
iron, 

acetic acid, stirred, and placed water bath for 
min. Then the tube was taken out, cooled room 
temperature and measured colorimetrically photo- 
electric colorimeter with green The con- 
centration sugars was determined from standard 
curve, The method permitted determination 0.05 
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Composition Septic Vibrio Toxoid 


Prepara- Acetone sh, 
conc. for dry 

eight 
100 
100 


mg/ml glucose, galactose, and mannose. The results 
showed that quantitative content carbohydrates 

(in mg/g organic substance), the difference between 
the separate preparations was slight: 


Preparation 
No. 


Amount 


These results show that fractionation acetone 
permits separation toxoid into fractions with the same 
content nitrogen and carbohydrates, but with different 
activities and different amounts ash whose chief com- 
ponent iron, sulfur phosphorus were found the 
toxoid, 

These toxoid preparations gave positive biuret 
reaction with maximum absorption 540 my; they 


Precipitation agar ofseptic 
vibrio toxoid with antiserum, Pre- 
cipitation antigen with activity 

100 with antiserum AU/ml; 
with serum with 200 AU/ml; 

with serum with 100 AU/ml. 


reducing per 
Ntotal 

0,126 600 
2800 
0,089 650 
0,140 1200 
0,200 3000 
0.082 0,210 
0,075 0,150 750 
0,256 3000 
2500 


were not precipitated TCA, but were precipitated 
10% 

paper chromatography the amino acids the 
toxoid hydrolyzate (in HCl, hours sand bath) 
found twelve spots which corresponded the amino 
acids; lysine, arginine, aspartic acid (much), serine 
(much), hydroxyproline, glutamic acid (much), alanine, 
proline, acid, methionine-va- 
line, phenylalanine, leucine, 

study the ultraviolet spectrum the toxoid 
showed differing peak heights 275 and their dis- 
appearance preparations which were kept solution 
and lost their activity, This fact indicates that the aro- 
matic amino acids take part the biological activity 
septic vibrio toxoid, 


paper electrophoresis the isolated toxoid sepa- 
rated into two components, After six hours electro- 
phoresis 0,1 acetate buffer, 6.8 and v/cm, 
from the main part the toxoid which remained the 
point deposition there separated fraction which was 
present small amount the toxoid I). 
electrophoresis carried out under the same conditions 
but 5,3, the fractions changed places (under con- 
ditions depositing the sample the center the 
paper strip), some preparations the sec- 
ond (smaller) fraction did not appear B). 


Immunological Analysis the Preparations 

studied the antigen composition the prepara- 
antibody used horse antiserum, 

Bjorklund and Berengo [8] found septic vibrio 
toxin 6-7 lines precipitation, For the toxoid found 
different number precipitation lines, Antigens the 
same activity (70-100 gave with serum which 
contained 200 AU/ml and simultaneous introduction, six 
precipitation bands (Fig.2b) and with serum containing 
AU/ml two precipitation bands (Fig, 2a), Using equi- 
valent concentrations and volumes toxoid and serum 
all preparations gave only one precipitation line, 
which did not separate the three months observation 
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(Fig. One precipitation line was always obtained 
when the reagents were used equivalent concentra- 
tions and volumes, independent the activity (prepara- 
tions were studied with activities from 200 


SUMMARY 

concentration and purification native septic 
vibrio toxoid precipitation with and acetone 
followed fractionation with acetone have obtained 
toxoid preparations with constant nitrogen-carbohydrate 
content, The total nitrogen the carbohydrate 
the organic substance, Iron enters the compo- 
sition the toxoid preparations, 

The protein component the toxoid small 
molecule, approximating size polypeptide, and 
contains the following amino lysine, arginine, as- 
partic acid, serine, hydroxyproline, glutamic acid, ala- 
nine, proline, tyrosine-aminobutyric acid, 
valine, phenylalanine, and two leucines, The toxoid 
protein bound the carbohydrate component, 
the composition which occur mannose, glucose, 
and galactose, 

The purified toxoid preparation has absorption 
maximum ultraviolet light 275 my; loss activ- 
ity the toxoid when its solutions are kept accom- 


panied disappearance the peak 275 Paper 
electrophoresis strips toxoid results separation 
into 1-2 components, Contact diffusion agar the 
purified antigen against specific antiserum shows from 
one six bands precipitation depending ratio 
concentrations antigen and antibody used, 
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The universal toxic action excess oxygen pressure 
living organisms, occupying different positions 
evolutionary development (microorganisms, plants, 
crustacea, insects, amphibia, reptiles, mammals, 
etc), solidly established fact, all the animal tis- 
sues studied (rabbits, rats, guinea pigs) nervous tissue 
the most sensitive the action high oxygen pressures, 
especially the cerebral cortex and cerebellum, 

Our previous investigation phosphate metabolism 
showed that animals(rats, guinea pigs)remaining 
atmosphere high oxygen pressure undergo 40-45% 
decrease the adenosine triphosphate (ATP) content 
the liver, heart, and kidneys, but the ATP level inbrain 
remains unchanged, There insignificant decrease 
the creatine phosphate (CP) level the brain, The 
results obtained for brain explained decrease 

The rate the phosphorylation processes well- 
known indication the effectiveness the oxidative 
processes-respiration and The amount ATP 
and other high-energy compounds, the magnitude the 
phosphorylation the uptake rate 
high-energy and other phosphoorganic compounds, etc., 
can applied characterize the oxidative processes 
quantitatively, 

The physiological the synthesis, 
ATP, uridinetriphosphate, cytidinetriphosphate, and 
other polyphosphates explained the fact that their 
energy used directly for the accomplishment bio- 
logical syntheses and assure specific physiological 
functions (muscular contraction, nervous stimulation, 

The normal progress, route, and rate aerobic 
phosphorylation, are determined many factors, 
mong which are oxygen, glucose, vitamin biotin, 
intake, and the content inorganic phosphorus (P;), 
adenosinediphosphoric acid (ADP), potassium and mag- 
nesium, diphosphopyridinedinucleotide (DPN), thyroxin, 
insulin, hypophyseal hormones, adrenal hormones, etc, 

changes the ATP content brain was ob- 
served some forms hypoxia; namely, hypoxia 
caused decreased oxygen concentration inspired 


version 40-60% the hemoglobin methemoglobin, 
with acute disturbance carbohydrate metabolism, The 
rate ATP renewal not affected this case, Only 
the combination methemoglobin with injected caffe- 
ine brought about significant decrease the ATP 
level, The author assumes that preservation the ATP 
level when oxidative processes are decreased deter- 
mined decrease its utilization consequence 
the development inhibition [3], Gordienko and 
[4] have observed that the ATP level main- 
tained brain, and some cases increased, ani- 
mals receiving nitrochlorobenzene, carbon monoxide, 
Rosengart has not observed changes the ATP 
level the brain convulsions caused corasole [5]. 

this paper, the rate respiration and oxidative 
phosphorylation the rat brain cerebral cortex under 
the influence 6-8 atm pure oxygen has been 
studied, 

EXPERIMENTAL METHODS AND DISCUSSION 

The experiments were carried out two variations, 
the first, the animals were subjected the action 
oxygen atm pressure, special pressure chamber, 
which brought them severe "terminal" condition, 
Violent convulsions followed after while, which are 
characteristic oxygen intoxication, After removal 
from the pressure chamber the animals were decapitated, 
the brain quickly removed, much the cerebral cor- 
tex removed possible and slices prepared, The 
bility these slices bind and accumulate ATP 
during incubation was determined, Brain slices 
trol animals were investigated 

the second variation the experiment, slices 
the cerebral cortex control animals were directly sub- 
jected the action oxygen, The slices were incu- 
bated pressure chamber under atm pressure pure 
oxygen for one hour, Slices incubated vessels filled 
with oxygen atmospheric pressure served controls, 
the end the incubation and ATP were 
mined, 

The first variation the experiment had its ob- 
ject establish whether oxygen under pressure could 
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TABLE The Effect Increased Oxygen 
Pressure the Respiration Rate Cerebral 
Cortex Slices Rat Brain (Gaseous medium, 
oxygen consumed/100 fresh tissue /hour) 


Pressure 
atm 


Pressure 
6 atm O2 
68,31 
83,11 


Control Control 


110 


cause irreversible changes systems involved with the 
binding the animal brain, The second variation 
the experiment was establish the indirect effect 
high oxygen pressures phosphorylative processes in- 
cubated cells, 

The slices were incubated salt mixture and 
glucose, according formula the 
first variation the experiment the slices were incu- 
The flasks were previously saturated for min with oxy- 
gen, The oxygen uptake the slices 28,5° was 
lower than 38°, which the temperature usually 
used respiration experiments, The lower temperature 
slowed ATP decomposition and thus recommended for 
the investigation phosphorylative processes 
end the incubation the flasks were quickly set 
ice-water mixture, the slices were washed three times 
with ice-cold solution 0.9% NaCl, fixed with TCA, 
homogenized and extracted min the cold, was 
determined the TCA filtrates precipitation with 
magnesium mixture, ATP phosphorus after min 


hydrolysis the mercuric precipitate, ATP phosphorus 
was determined the method Kuttner and coworkers 
SnCl, was used reducing agent this method, 
This method usually times more sensitive than re- 
duction with eikonogen ascorbic acid, Results are 
presented Tables and 

may seen from Table the oxygen uptake 
rate for brain slices control and experimental animals 
practically the same, 


Earlier, Stadie [9] also could not find differences 
oxygen consumption brain slices between control ani- 
mals and animals killed after 30-min stay pres- 
sure chamber pressures atm pure oxygen, Van 
Goor's experiments [10] the brain respiration animals 
which had been affected atm oxygen, then studied 
normal pressure, did not differ from the brain respira- 
tion control animals, Stadie, Dickens, Van Goor, 
Gershenovich and Krichevskaya [9-12] discovered in- 
vitro experiments steady lowering the respiration 
rate tissue homogenates and brain slices, which in- 
creased oxygen pressure increased, exposure time 
lengthened and the tissue was more finely pulverized, 
Gershenovich and Krichevskaya also found decrease 
respiration rate vivo experiments experi- 
ments intact cells Khill and MacLeod [14] found 
decrease CO, given off when oxygen pressures were 
higher than atm rats, mice and young rabbits, Bean 
[15] showed marked decrease oxygen consumption 
dogs with oxygen pressures atm, Van Goor, com- 
paring these experiments vivo and vitro, considered 
that results obtained vivo were not sufficient evidence 
for the absence changes the respiration process 
oxygen intoxication, This belief supported ma- 
terial from his laboratory the effect narcosis 


TABLE Effect Increased Oxygen Pressure and ATP Incubated 
Slices the Cerebral Cortex Rat Brain (Time incubation, min; 28.5°; salt 


mixture glucose) 


Control 


unincubated slices incubated slices 


12,70 

9,12 

12,90 

12,79 

14,21 

2,07 

16,83 

9,20 

1,5 8,36 
2,30 
1,90 


7,85 
13,90 


Pressure atm 


unincubated slices incubated slices 


41,00 


4,33 19,83 44,90 3,30 
4 3,72 Oye 104 
19,40 4,30 3,47 41,77 2,74 
2,20 19,14 2,48 4,70 
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TABLE The Effect Increased Oxygen Pressure the and ATP Uptake Rate 


and Fractions Incubated Slices Animal Brain (The average figures trom ex- 


periments are given) 


Control 


Pressure atm 


Acid-soluble 


respiration animals killed after deep narcosis, Their 
respiration rate the brain did not differ from that 
control animals, but there was doubt the meta- 
bolic changes narcosis, 

The data Stadie, Van Goor, and our own evi- 
dence the absence irreversible changes respira- 
tory enzymes activity from the effect high oxygen 
pressures the animals, The content decreased 
22%, the ATP content increased 18% during incubation 
the slices, Comparison the results obtained for con- 
trol and experimental animals did not show significant 
differences, The control animals decreased 23%, 
and experimental animals 26%; ATP increased 
control animals 18%, experimental animals 
can considered that with the low level ATP (3- 
3.5 which was obtained for the incubated tissue, 
could not have found changes the ATP level because 
expeimental errors, 


order decide this question carried out 
analogous series investigations using started 
with the consideration that even with rapid breakdown 
the ATP formed, the uptake would correspond 
the rate synthesis the quantities remaining. 

salt mixture the amount flask, The 
uptake rate was determined acid soluble phos- 
phorus, and the experiments, the slices 
were washed after incubation ice-cold solution 
0.9% NaCl until the radioactivity disappeared the 
wash liquid (13-15 times) and the solution was then 
fixed with TCA, order determine the and 
take rate, carrier solution was introduced 
into the TCA filtrate the addition magnesium mix- 
ture, 12-14 hours after precipitation the precipitate 
was separated centrifugation, washed many times, 
dissolved 0,5 0,1 and its radioactivity de- 
termined, determine uptake rate ATP, the pre- 
cipitate formed after mercuric acetate precipitation was 
washed many times, dissolved 0,5 0,1 HCl and 
used for the determination radioactivity, The radio- 
activity was recorded apparatus with end- 
window counter, The uptake rate the investigated 
fractions was calculated basis 100 wet tissue. 


1072 9,74 112 
105 


1049 108 


addition the specific activity and ATP was cal- 
culated according the equation: 


imp/min/ 100 tissue 
P/100 tissue 


Results are presented Table 

can seen from Table the uptake rate 
all the fractions phosphorus compounds studied prac- 
tically identical experimental and control animals, 
Thus, results experiments using confirmed the ab- 
sence irreversible changes the oxidative phosphory- 
lation system from the effect high oxygen pressures 
animals, hypoxia, caused maintaining animals for 
long periods time room with oxygen, Smir- 
nova and Chetverikov [16] did not find any variation 
the uptake rate phosphorus compounds the brain, 
Krebs and co-workers [17] after oxygen starvation 
mals for two hours which corresponded 
height 9,000-11,000 above sea level) also did not 
find changes uptake rate number phosphory- 
lated compounds the brain, even those animals 
which were killed the time the experiments, 

Thus, changes the oxygen regime, hyperoxia, 
some forms hypoxia, while causing very severe con- 
ditions the animals, did not lead irreversible changes 
the phosphorylating system the brain, interest- 
ing note this connection, that tissue hypoxia,caused 
injection xyanide, caused significant decrease 
the and ATP content the brain [18], Gershenovich 
and Krichevskaya have shown vitro experiments 
that respiratory systems the brain resistant cyanide 
are sensitive the effect high oxygen pressure, Com- 
bination the effect high oxygen pressures with mul- 
tiple lethal doses KCN their experiments led 
practically complete respiratory inhibition [12]. 

during oxidation mainly occurs stages requiring Fe- 
containing enzymes, then the resistance these enzymes 
hyperoxia, possibly, the reason why the phosphoryla- 
ting system the brain only slightly sensitive the 
effect high oxygen pressures, From this point view, 
were interested that the phosphorylation 
the liver significantly decreases with oxygen intoxica- 


tion [20], liver, comparison with the brain, there 
considerably more riboflavin, more active catalase and 
much less cytochrome [19]. The specific weight cy- 
tochromic systems the liver the oxidation process 


the heart and kidneys ani- 
mals the ATP content decreased, but this decrease was 
probably caused increased consumption ATP, with 
maintenance the ability the tissue synthesize it, 
the liver, phosphorylative systems are more labile; 
correspondingly, ATP decreased and there ir- 
reversible decrease the chance ATP synthesis, 

Differences the conditions synthesis and utiliza- 
tion high-energy phosphorus compounds the brain 
and other tissues, which occur with high oxygen pressures 
animals, are not observed when atm directly 
applied tissue preparations, 

vitro experiments with direct application 
oxygen incubating brain slices (Table 4), heart muscle 
homogenates and liver preparations, oxygen had stimu- 
lating action phosphorylation all the investigated 
tissues, 

The difference between results obtained experi- 
ments vivo and vitro must related the partic- 
ipation regulatory systems the organism, (thyroid 
gland, hypophysis, adrenals, etc), the development 
the phenomenon hyperoxia which indicates action 
the phosphorylation processes, 


TABLE The Effect Oxygen 
and ATP Content Incubated Slices 
Brain Cortex (in vitro) 


Control Pressure atm 

1,57 21,19 2,66 
11,29 0,80 2,26 
3,92 
16,31 
1,47 2,20 
14,18 
16,23 1,59 2,18 
15,02 9,37 2,47 


ug/100 tissue. 


Oxidative phosphorylation rate, 


less and hence, the phosphorylating systems the 
liver are more sensitive the action hyperoxia, 
comparing the effects high oxygen pressures atm) 
the phosphorylation processes different organs, the 
special status the brain clearly shown: 


Oxidative phosphorylation rate, 


ans TP ntent 

Brain Unchanged Unchanged Increased 

Kidneys Decreased Small change Not investigated 
Liver Decreased Decreased half Increased 


also possible, that since vitro experiments 
the activity ATP-ase the brain decreases, then 
consequently this amount ATP can higher and the 
level lower, than control slices, 

The unique oxidative processes the central nerv- 
ous system, the significant compensatory possibilities, 
the probability less subjection hormone activity 
22] lead maintenance the phosphorylating 
systems the brain, 


SUMMARY 

Respiration rate and oxidative phosphorylation 
slices cerebral cortex the brain, taken from the 
rat, undergoing the action atm pure oxygen, and 
slices from control animals were practically alike (the 
rate the phosphorylation processes was based in- 
organic phosphorus content, ATP, uptake rate in- 
organic phosphorus, ATP and acid-soluble phosphorus), 

The oxidative phosphorylation rate brain slices 
exposed directly oxygen atm pressure increased 
22% comparison with control slices, 

The effect increased oxygen pressure oxidative 
phosphorylation different tissues was compared, 
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METABOLIC PROCESSES 


THE EFFECT SOME LIPID FRACTIONS 
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While the biochemistry the thymus gland has 
been the subject number investigations, much 
this area has not been studied, 

hibitory action protein extracts the thymus gland 
experimental cancer, 

According our data [3], the injection two 
fractions extracted from the thymus, the lipid and the 
total protein fractions, show effect the develop- 
ment experimental cancer, the activity the lipid 
fraction being higher, one our previous papers [4] 
investigated the effect experimental athymia and 
the action the total protein extract the thymus 
phosphorus compounds the blood and 

the present paper present results obtained 
studying the action some lipid fractions extracted 
from thymus, and the total lipid fraction extracted from 
spleen, metabolic processes, 


METHODS 
Extraction lipid fractions, The lipid fractions 
were extracted according the method suggested 
Thomas and co-workers [5] for the extraction lipids 
from the brain, with some modifications, The various 
components were extracted from fresh calf thymus, 
the above-mentioned method, isolated lipid fractions 


different chemical composition which were designated 


dominantly neutral fats, glycerides, cerides, and 
amounts, sterols; Fraction predominantly sterols; 
tion phosphatides; and Fraction cerebrosides and 


sphingomyelins, The total lipid extract was obtained, 
from fresh pulverized spleen, using such solvents 
ethyl alcohol, ether, chloroform, and methyl alcohol; 
this extract designated "Extract The lipid 
fractions were dissolved olive oil such manner 
that each milliliter contained 0,05 lipids, 

Experiments animals, The experiments were 
carried out half-grown rats weighing 200 which 
were separated into groups, according the lipid frac- 
tion injected, Extracts A,B,C, and were injected sub- 
cutaneously, per day for days, Rats from the 
control group were injected with olive oil the same 
quantities, After the animals were killed, the following 
determinations were carried out the liver and the 
oxygen consumption (Qo,), glycolysis, glycogen 
content, lactic acid, glucose, uptake total nucleo- 
protein phosphorus and lipid phosphorus 

Oxygen and glycolysis were 
according method, glycogen according 
Good and Somogyi's method [6] and lactic acid accord- 
ing the inethod Barker and Ani- 
mals designated for investigation with were injected 
intraperitoneally with the form solution 
the amount microcuries /100 body 
weight, 


RESULTS 
Study the oxygen consumption liver 
tissue after injection lipid fractions into the animals 
(in fresh tissue) gave the following results; 


Lipid fractions 


No. 
Animals 


The injection various lipid fractions usually 
brought about changes oxygen consump- 
tion the liver and blood, However, may noted 
that there was increase oxygen consumption 27% 


from the effect liver Fraction Comparison the 
rate glycolysis (in pliters tissue) the liver 
intact animals and rats receiving lipid fractions, 

showed the following [next page): 
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These results indicate the effect lipid fractions glycolysis, Fractions and significantly increased 
glycolysis 205 and 198%, respectively, while Fraction showed the opposite effect, decreasing glycolysis 37%, The 
total lipid extract, obtained from spleen, caused the greatest increase glycolysis the liver 


Comparison the data liver glycogen content (in glucose per 100 tissue) the control and experimental 
animals showea the following results: 


No. Lipid fractions 
Animals 


Thus, injection the lipid fractions caused significant changes glycogen content, the direction which 
depended the injected fraction. For example, Fraction caused marked decrease glycogen content (46 

but FractionC significant increase Injection the lipid fractions extracted from the thymus did not cause 
significant changes the lactic acid content blood, with the exclusion Fraction which increased lactic acid 
The contents glucose the blood (plasma and erythrocytes) not affected lipid fractions from the 

thymus and 

The uptake (in imp/min/g tissue) the liver underwent significant changes, depending the injected 


fraction: radioactivity increased and 37% respectively injection Fractions and and 119% under the 
influence Fraction 


No. Lipid fractions 


Injection total spleen extract led decreased 40%, 
Changes uptake phospholipids blood were noted after injection lipid extracts expressed 
increase the radioactivity (in imp/min/g tissue); particularly evident (250%) after injection Fraction 


Lipid fractions 


Animals 


Control 
Experimental 


— 4 ,80--0 


,20 
0,58 


16,8 


DISCUSSION RESULTS Elliot and co-workers [8] biochemical 
Our results are evidence the well-known effect investigations vitro, 


thymus and spleen preparations the characteristics respect liver glycogen necessary em- 
studied; moreover they were varied and were dependent phasize the direction the changes glycogen con- 
the chemical nature the preparations, The observed and the rate glycolysis the liver under the in- 
changes were noted both liver and blood, fluence various injected preparations, 

Increase consumption under the influences increase glycolysis was accompanied de- 
liver Fraction accompanied increase glycolysis crease glycogen content (Fraction B), and decrease 


our experiments; this effect has already been remarked glycolysis increase glycogen content (Frac- 
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tion contrast the effect the sterol fraction 
extracted from thymus glycogen the liver, Maka- 
revich and observed that octestrol and fol- 
liculin decreased glycogen content, Similar results were 
obtained Parhon and co-workers [10], From the work 
Bomskev may concluded that the hormones ex- 
tracted him from the thymus decreased the glycogen 
content the liver However, Anselmino [12] 
and Rockenberger [13], attempting reproduce Bom- 
skev's experiments, did not always obtain identical re- 
sults, The reason for these differences may that thy- 
mus lipid extracts thymus having different compo- 
sition were used, According our data, fractions con- 
taining predominantly sterols decreased glycogen con- 
tent liver, but fractions containing predominantly 
phosphatides increased the glycogen content, 

necessary emphasize the parallelism exist- 
ing between the action Fractions and and the 
more intensive action Fraction the metabolism 
liver phosphorus compounds, Thus, for example, 
variation uptake the form Was observed 
which was evidence the participation thymus 
phosphorus metabolism and confirmed our previous re- 
sults [4], addition, the effect thymus extracts 
phosphorus metabolism depended the chemical com- 
position the injected extract, 

Our results show the significance the well-known 
relationship between glycolysis and uptake 
proteins the liver, result the injection 
and extracts, increase glycolysis and uptake 
occurred, These results are evidence that the thymus 
actively participating phosphorus metabolism, 


Four fractions were separated from the total lipid 
thymus extracts which possessed different chemical com- 


positions and had different effects metabolic pro- 
cesses, The effect these fractions was studied 
consumption, glycolysis, glycogen content the 
liver, nucleoprotein and lipid phosphorus, was estab- 
lished that the total spleen lipid extract also affected 
the metabolic processes 
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One the important practical attainments mod- 
vitaminology the study the mechanism action 
vitamins coenzymes the animal organism and 
the use some them (cocarboxylases, particular) 
for therapeutic purposes, 


The coenzyme function cocarboxylases (thiamine 
pyrophosphate- TPP) was discovered 1911 Neuberg 
and Karczag Subsequent numerous investigations 
the catalytic action TPP enabled Eakin [2] discern 
this basic function vitamin the animal organism, 
was further shown that TPP was necessary therapeuti- 
cally those cases where thiamine was not sufficiently 
effective consequence injury the processes 
phosphorylation the organism (in myasthenia [3], pa- 
renchymal hepatitis [4], multiple sclerosis [5], cardiac 
decompensation [6], and other diseases), The therapeutic 
preparation TPP was first obtained Italy [7]. our 
country, more attention has been paid the problem 
obtaining vitamin-coenzymes. The technology 
TPP production, particular, has been worked out, 
However, obtain TPP even the form incom- 
pletely pure preparation, difficult task, since TPP 
hard separate from other phosphate esters, forming 
phosphorylation thiamine, addition, the yield 
TPP this process less than 10% the original 
thiamine [8], The above circumstances have raised the 
price production many times and increased its cost, 
compared with thiamine, 


our investigations, used the method Viscontini 
and co-workers [9], for synthesizing thiamine phosphate 
esters, securing almost quantitative yield the form 
mixture thiamine triphosphate (T-3-P), thiamine 
pyrophosphate, (TPP), thiamine monophosphate (TMP) 
and thiamine tetraphosphate (T-4-P), this paper, 
have decided determine what measure the me- 
tabolism the thiamine phosphate esters from the mix- 
ture (T-3-P, TPP, and TMP) differs from the metabolism 
thiamine, when they are injected parenterally, 


The basis for such series investigations the 
work number authors, who found various ani- 
mal tissues, aside from TPP, some and 


METABOLISM PHOSPHORIC ESTERS 


Department Biochemistry, Pirogova Medical Institute, Odessa 
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Thus, T-3-P and TMP appear 
natural metabolites vitamin the animal organ- 
ism, enzyme T-3-P (myosin- thiamine 
was discovered skeletal muscles the animals which 
actively cleaves TPP and orthophosphate [12, 14, 15]. 
Coenzyme properties pure T-3-P are not yet known 
[16]; however, quickly acquires catalytic activity be- 
cause the ease its enzymatic hydrolysis TPP[17, 
18]. TMP, which formed the action thiamine 
pyrophosphatase TPP various organs and tissues 
animals, not coenzyme for decarboxylase [16, 17], 
obviously, thiamine pyrophosphatase necessary for 
activity the cells, This particularly evidenced 
investigations which found that there was 
significant increase thiamine pyrophosphatase activity 
and decrease TPP tissues B,-avitaminotic ani- 
mals, TMP acquires catalytic coenzyme function when 
oxidized disulfide 


METHODS 


order study the metabolism thiamine and 
its esters, used and pure T-3-P, 
and TMP synthesized from thiamine our 
method The deposition and decomposition thia- 
were compared with and 
after subcutaneous injection equivalent doses 
the pure compounds various animals (white mice, 
rats, and guinea addition this, the deposition 
and decomposition and equivalent doses 
its labeled phosphate esters injected mixture 
unseparated components(T-3-P, TPP, 
T-4-P, and small quantities other poly- 
phosphate esters were compared; they 
were obtained according modification the 
method Viscotini and co-workers, and 
its phosphate esters were injected equimolecular 
quantities subcutaneously NaCl physiologi- 
cal animal weight, hours, when the 
excess the injected vitamin excreted the urine 
the distribution the labeled compounds was in- 
vestigated the organism animals and the urine 
excreted them during the 


RESULTS 
Comparison the Metabolism TPP,- TMP 


and Deposition and distribution the 


order study this problem limited the de- 


termination animal tissues only total sulfur radio- 
activity since the nonvitamine products thia- 
mine decomposition are quickly excreted the urine 
and the proportion nonvitamine radioactive 
sulfur assimilated tissue proteins from total the 
tissue amounts the radioactivity The re- 
maining the tissues consisted the vitamin- 

The deposition and labeled T-3-P, 
TPP, and TMP the whole organism and the internal 
organs was studied experiments white mice, 
total 276 white mice (males) weighing from 18-23 
which were kept general ration separate vegetat- 
ing beakers, were used for these experiments, For the 
determination mouse carcasses, the mice were 
killed with lethal dose ether, washed min run- 
ning water remove the radioactive excrement from 
the coat; each animal was placed beaker with 
mixture reagents (10 Benedict's 
HCl) complete dissolution the animal tissues (solu- 
tion speeded boiling the mixture), After cool- 
ing, the liquid was decanted into graduated cylinder; 
the layer fat was extracted with hot Bene- 
reagent, after which the residues were ex- 
tracted with hot water, The cooled washed liquid was 
combined with sufficient solution bring its volume 
ml, Two samples were removed from this 
solution crucibles and further processed 
according method for the determinationof 
The radioactivity extracted this 
method was recorded apparatus with 
dow counter, order determine the internal 
organs contained the thoracic and peritoneal cavities 
(excluding the large intestine and the urinary bladder) 
and brain, homogenates were prepared the combined 
organs with sufficient concentrated ammonia make 
volume ml, The homogenate stood for several 
days allow complete solution insoluble clumps 
tissue, after which was deposited stainless steel 
planchetts 0,5 quantities, dried 90° and the 
total radioactivity determined under the end-window 
counter apparatus, Statistically treated [32] re- 
sults the investigation are presented Table 

Results the investigations showed (Table that 
phosphate esters were retained larger 
degree the intact organism mice and their in- 
ternal organs than was injected anequi- 
molecular dose, These differences are completely re- 
liable and significant 2); thus, increase the 
deposition thiamine phosphate esters more evident 
the internal organs than intact mouse carcasses, 


TABLE Deposition the Carcasses 
and Internal Organs White Mice Hours 
after the Injection T-3-P, TPP, and TMP 
‘Deposition injected dose) 


Carcasses Internal organs 


Gay 


33,4 
32,7 18,3 
9,8 
34,8 
Note. this and succeeding tables the 
arithmetical mean and the index reliabil- 
ity are reduced the difference two airth- 


and 
are respectively the arithmetical means 
and the average error the arithmetical 
means the corresponding thiamine phos- 
phates; and are the arithmetical mean 
and the mean error the arithmetical mean 
for 


According the amounts deposited intact animals 
and the internal organs white mice, the phosphate 
esters are arranged the following T-3-P TPP 
TMP thiamine. 

Distribution and deposition and its 
labeled esters separate organs was investigated 
white rats and guinea pigs, 

total 112 white rats, were used for these ex- 
periments (males single line with weights from 195- 
220 which were placed general ration, and 
the day the experiment received whole cow's 
milk) and guinea pigs; (males weights from 385- 
425 which were placed general ration, and 
the day the experiment received fresh carrots), 
hours after subcutaneous injection equimolecular 
doses labeled T-3-P, TPP, TMP, and thiamine, the 
animals were decapitated and weighed portions 400- 
495 were obtained from liver, right kidney, small 
intestine section jejunum, located below 
the duodenum), the right-hemisphere the brain, the 
heart muscle the region the left ventricle, and 
skeletal muscle the region the right femur, ex- 
periments which having low specific 
activity (less than used, concentrated 
the the organs and tissues; weighed portions were 
placed test tubes; Benedict's reagent, con- 
centrated HCl, and concentrated were added 
each tube dissolve the tissue, The remaining tissue 
was treated with mixture the above indicated rea- 
gents until solution occurred, The contents were then 
quantitatively transferred porcelain watch glass, the 
test tube washed with another Benedict's reagent, 
and precipitated fromall the weighed portions 
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TABLE Deposition -TPP and White Rat and Guinea Pig 


Organs Hours after their Injection Doses, Equivalent 


organs and tissues after injection 


Investigated organ 


White rats 


Liver 336 6,9 

Kidneys 215 4,7 202 2,8 200 2,0 477 
Small intestine 4,5 4,6 3,9 
Heart muscle 197 4,5 3,4 169 145 
Skeletal muscle 26,3 25,2 22,9 

Guinea pigs 

Liver 218 2,9 213 1,6 173 
Kidneys 264 2,4 266 239 218 
Small intestine 120 2,6 115 2,0 106 0,8 
Skeletal muscle 27,7 2,0 27,4 2,0 23,2 0,5 


according method, When 
with specific activity from 100 1000 C/g was 
used the experiments, homogenates were prepared 
from weighed portions the organs concentrated 
ammonia, the volume which was made 5,0 ml, 
The homogenate remained ammonia for hours 
allow complete solution the insoluble clumps tissue 
(to calculate radioactivity; 0,5 sample homo- 
genate was taken), primary criterion the de- 
selected the relative specific activity which was 
abbreviated relative activity (RA). 


imp/min, injected per animal weight 


The statistically treated results these investigations 
are presented Table 

hours after injection, the distribution thia- 
the internal organs and tissues the white 
rats and guinea pigs was entirely unequal, Thiamine- 
white rats was very heavily deposited liver, 
kidneys, and heart muscle, moderately brain and 
small intestine, and very lightly skeletal muscle, 
Organs and tissues white rats were arranged the 
following order, according the rate 
uptake; liver kidneys heart muscle brain> small 
intestine skeletal muscle, Similar inequality dis- 
tribution organs and tissues white rats was ob- 
served hours after injection equimolecular 
quantities T-3-P, TPP, and TMP, the only difference 
being that thiamine phosphate esters almost all in- 
vestigated organs were deposited more heavily than 
thiamine, These differences were inconsiderable, but 
were completely significant and reliable for the major- 
ity investigated organs and tissues white rats, These 
differences were especially distinct liver, somewhat 


less distinct the remaining organs, and very slight 

skeletal muscles, where statistical reliability the dif- 
ference was observed only when the deposition thia- 

mine was compared with T-3-P and 

According the amount deposited rat internal 
organs, vitamine forms are arranged the following 
order; T-3-P TPP TMP thiamine, similar in- 
creased deposit T-3-P, TPP, and TMP comparison 
with thiamine were observed guinea-pig organs, 
must noted that the distribution and 
its phosphate esters also, was somethat lower guinea 
pig organs than white rat organs, The guinea pig 
organs are arranged the following order, according 
the amount deposition thiamine its phosphate 
kidneys liver small intestine heart muscle 
brain skeletal muscle, statistically reliable and 
significant increase deposition was observed when in- 
jected T-3-P and TPP were compared with thiamine, 
larger deposit T-3-P and TPP than thiamine was es- 
pecially marked brain and heart muscle, well-defined 
the liver, and only slightly apparent kidney tissue, 
small intestine, and skeletal muscle, Deposition TMP 
guinea pig organs did not differ significantly from 
thiamine deposition, 


Thiamine the Animal and Urinary Excretion 
Labeled Metabolites investigations carried out 
with the injection labeled thiamine into humans, dogs, 
guinea pigs, and white rats, has been shown 
that numerous radioactive products its metabolism are 
excreted the Among the thiamine metabolites 
urine the following have been identified; Unchanged 
thiamine, thiamine disulfide, 
ethyl thiazole, thiochrome, and sulfates, The possible 
urinary excretion thiamine phosphate esters has been 
disputed number papers [30]. 


TABLE Excretion the Urine for Hours after In- 


jection T-3-P TPP, and TMP Doses Equivalent 0,5 
ug/g excretion the injected dose} 


White rats 

Guinea pigs 
Total 32,11 4,0 30,9] 5,0 34,7] 

The circumstance that thiamine and its decompo- and the urine made possible 


sition products are excreted the urine, the most pre- 
dominant these products being 
hydroxyethyl thiazole [26, 28], permits urinary analysis 
serve basis investigation the decomposition 
rate T-3-P, TPP, TMP, and thiamine the animal 
organism, 

The urine white rats and guinea pigs (the same 
animals which the internal organs were investigated) 
was collected for hours following the injection 
equivalent doses labeled T-3-P, TPP, TMP, and thia- 
mine, The animals were placed large Buchner funnel 
for urine collection, The urine was stabilized the ad- 
dition 0,1 and the following determina- 
urine with 1-2 drops concentrated ammonia 
planchettes 90°; precipitated from urine 
the form amounts less than (in 
order avoid erros because beta-ray absorption); 
extracted from urine with isobutyl alco- 


method Part the alcohol extract, containing thio- 


was evaporated steel planchettes and the 
radioactivity measured according our method, 

Comparing the the urine with the radio- 
activity the urinary excretion thia- 
metabolites could calculated: 


Thus, comparison with the radioactivity 
its decomposition rate into other, basically nonvitamin, 
products, addition this, determined radioactive 
sulfates inurine, which can considered one the 
final products decomposition, The oxi- 
dation rate the reduced thiamine sulfur 


also evidence the degree its destruction the ani- 
mal organism [27, 

Reasoning from the above statements brought 
the conclusion that the determination thiamine- 


778 


study the decomposition rate T-3-P, TPP, TMP, and 
thiamine labeled with and injected into the animal. 
The statistically treated results from the urine ani- 
mals receiving T-3-P, TPP, TMP, and thiamine are pre- 
sented Table 

excreted from white rats hours 
larger quantities than TMP (41.0%) TPP 
(37,3%) and T-3-P injected equimolecular 
doses, These differences are quite small, however, they 
are statistically reliable and confirm earlier data show- 
ing larger deposition T-3-P, TPP, and TMP ani- 
mal tissues compared thiamine, Similar results were 
found determination excretion guinea pig 
24-hour urine, the only difference being that guinea pigs 
deposit thiamine and its phosphate esters (T-3-P, TPP, 
TMP), somewhat larger amounts than white rats, 

Results the investigation showed that urinary ex- 
cretion white rats and guinea pigs in- 
jected with T-3-P, TPP, and TMP higher compari- 
son with animals receiving thiamine (animals receiving 
TMP had less urinary than those receiving 
T-3-P and TPP). This not explained more active 
tion animals receiving T-3-P, TPP, and TMP 
than after injection but retardation 
the decomposition these components into non- 
vitamin products the animal organism, This relation- 
ship particularly apparent the urinary ratios are 
being taken 100 The calculation showed that 
white-rat urine, collected for hours after injection 
bolites 67.2%, after injection TMP, 
and after injection T-3-P 47.9 

These data convincingly demonstrate that TPP, 
3-P, and TMP are more-slowly broken down white 
rats into nonvitamin products than thiamine, Identical 
data were obtained experiments guinea pigs, 
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which the destruction thiamine and its phosphate 
esters occurred more rapidly, The ratio 
and its metabolites guinea pig urine injection 
61.4%, injection TPP, 45.3 and in- 
jection T-3-P, 41.1 

Differences the metabolism T-3-P, TPP, TMP, 
and thiamine were especially significant when their de- 
composition into sulfates was investigated, Both white 
rats and guinea pigs (in which and its 
phosphate esters are more actively oxidized 
considerably larger destruction the parenterally in- 
jected thiamine was found than TMP, especially, 

TPP and 

These differences are seen when the percentage 
excretion from injected doses labeled 
thiamine and its phosphate esters (Table are com- 
pared, The percent excretion radioactive sulfates 
24-hour urine from injected doses was much higher after 
injection thiamine after injection 
TMP TPP (0.83%), T-3-P white 
rats, and correspondingly after injection thiamine 
(2.44%), TMP (1.24%), TPP (0.90%), and T-3-P (0.83%) 
guinea Decomposition and its 
phosphate esters still more demonstratively character- 
ized comparison the urinary excretion thiamine- 
and From this clearly seen how 
much the unchanged vitamin excreted the urine 
and what part decomposed sulfate, Calcula- 
tions white rat urine, collected for 
hours after injection the ratio thia- 
after injection TPP, after injection 
after injection 10,8 after injection 
TMP; after injection TPP; and after 
injection T-3-P, 

The urinary excretion and 
was also investigated well fecal excre- 
tions 24, 48, and hours after white rats 
were injected with T-3-P, TPP, TMP, and 
The data obtained these investigations confirmed the 
conclusion drawn above that the deposition T-3-P, 
TPP, and TMP was higher, and their decomposition less 
comparison with thiamine, 


TMP, -TPP, -T-3-P,-T-4-P and Poly- 
phosphates, Injected Combined Form, 

When T-3-P obtained the method Visco- 
tini and co-workers [9] pure preparation not formed, 
but instead mixture different thiamine phosphate 
esters; among these, T-3-P the most predominant, 
There considerable amount TPP, less TMP, T-4- 
and traces other thiamine polyphosphate esters, 
our previous work [23] the complicated composition 
T-3-P obtained this method was hypothesized and 


electrophoretic investigation labeled products its 
synthesis presented, must noted, however, that us- 
ing modification method applicable 
small initial quantities (5-40 mg), 
did not succeed maintaining the volumetric and 
quantitative relationship the reagents propounded 
the authors the method, Thus, our mixture thia- 
mine phosphate esters somewhat lower yeild syn- 
thetic components was observed; T-3-P, 30,0%; TPP, 
TMP, 27.8%, T-4-P, 6.9% and the remaining 
4,7% consisted thiamine penta- -hexaphosphate, 
unidentified thiamine polyphosphate esters; and also 

Because our discovery that T-3-P, TPP, and TMP 
are deposited larger extent and decomposed less 
the animal organism comparison with thiamine, and 
taking into account that pure preparations T-3-P, 
TPP, and TMP were very difficult obtain practice, 
decided study the possibility using mixture 
thiamine phosphate esters therapeutic practice since 
this mixture can obtained almost quantitative 
yield from method, order 
test this possibility investigated the metabolism 
method the form mixture containing, described 
above, TMP, TPP, T-3-P, T-4-P, and 
polyphosphate esters (the experiments were out 
154 white mice and white rats), 


study the deposition carcasses and in- 
ternal organs white mice hours after the injection 
equimolecular with 0.5 gave the 
following results (deposition the injected 


Deposited 
carcasses 


Mixture 
phosphate esters 


Deposited 


Injected internal organs 


The mixed thiamine phosphate esters were depos- 
ited larger extent the internal organs (Table 
and less was decomposed (Table 5), than 
These differences were less distinct than after injection 
pure T-3-P and TPP; however, they were completely 
significant and reliable, increase deposition 
the mixed phosphate esters did not differ 
significantly from the deposition only 
the liver and kidneys white rats, must taken 
into account that the mixed labeled phos- 
phate esters which studied contained less T-3-P and 
significantly more TMP than preparations obtained 
large quantities method, Thus, one must 
anticipate that preparations mixture thiamine 
phosphate esters, which T-3-P and TPP clearly pre- 
dominate, will have larger deposition and less de- 
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TABLE Deposition Organs White 
Rats Phosphate Esters 
Hours after Injection the Form 
Mixture Doses Equivalent 0.5 


after injection 

mixture of Ithiamine 
Organs and 
tissues phos. 

Liver 293 1,8 271 
Kidneys 1,6 188 
Small intestine 6.1 
Brain 5,9 
muscle 163 148 
Skeletal muscle 2,7 


composition the organism than the mixture 
studied, 


DISCUSSION 

The parenterally injected thiamin phosphate esters 
(T-3-P and TPP especially) are retained larger 
ures animal tissues, and lesser amount thiamine, 
injected equivalent dose, excreted the 
Such retarded excretion T-3-P, TPP, and lesser 
degree, TMP can explained their lower penetra- 
tion [2] the cellular membrane, and, particular, 
the renal membrane, This factor has great significance, 
since the main loss parenterally injected vitamin 
related its urinary excretion the first hours after 
injection when its concentration the blood marked- 
increased, the other hand, TPP and T-3-P (which 
are quickly hydrolyzed TPP animal tissues) repre 
sent coenzymes, bound apoenzymes and, thus, rela- 
tively more able retained animal tissues than 
TMP and thiamine, 

Thiamine phosphate esters (T-3-P and TPP particu- 
larly) are more slowly decomposed into nonvitamin 
products than propose that animal tis- 
sues thiamine phosphate esters general are not de- 
composed into nonvitamin products (or are decomposed 
very small quantities), and only after their hydrolysis 
ucts, This confirmed the fact that urinary excre- 
tion occurs after injection S-labeled 
T-3-P, TPP, and TMP into animals, According our 
hypothesis, metabolism parenterally injected thia- 
mine thiamine phosphate esters also differ that 
thiamine begins decompose into nonvitamin products 
immediately after injection, and phosphate esters only 
decompose after certain time necessary for their pre- 
liminary hydrolysis thiamine, result, thiamine 
phosphate esters and thiamine can arranged the 
order T-3-P TPP TMP thiamine according 
rate decomposition into nonvitamin products, which 
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TABLE Excretion Radioactive-Sulfur Urine after 
Injection Phosphate Esters into White 
Rats the Form Mixture Doses Equivalent 

the injected dose) 


Mixture thiamine 


Fraction phosphate esters 

Total 42,6 2,5 
Thiamine 24,1 17,9 
Sulfates 0,78 1,40 


confirmed our experiments white rats and guinea 
pigs. 

The most valuable our data can con- 
sidered the demonstration that TTP deposited 
larger extent and more slowly decomposedin the animal 
organism nonvitamin products comparison with TPP 
and especially with TMP and thiamine, This fact can 
have great practical significance, the parenteral in- 
jection the phosphate esters, and particularly, the tri- 
phosphate ester, T-3-P, recommended therapeutic 
practice, well the injection thiamine, addi- 
tion the positive qualities enumerated above, 
similar adenosine triphosphak (ATP), high energy 
compound, capable accumulating energy from carbo- 
hydrate oxidation (and, particular, pyruvic acid) and 
exchanging with and, lesser extent, beta- 
phosphate high energy with other high energy com- 
pounds, especially important emphasize that 
chemical synthesis and industrial production T-3-P 
are considerably simpler and than the 
tion TPP (cocarboxylase), The presence small 
quantities TMP and thiamine polyphosphate esters 
preparations T-3-P and even TPP does not de- 
crease their therapeutic properties, since TPP possesses 
considerable biological activity coenzyme; TMP 
more easily converted into TPP animal tissues, 
than thiamine; small quantity T-4-P and other 
polyphosphate esters thiamine are quickly hydrolyzed 
T-3-P and then TPP the animal organism, 


SUMMARY 


Parenteral injection physiological doses thia- 
mine triphosphate (T-3-P), thiamine pyrophosphate 
(TPP) and less degree thiamine monophosphate (TMP) 
are retained better organs and tissues the animal 
organism (white mice and rats, guinea pigs), than thia- 
mine injected equimolecular doses, 

T-3-P, TPP, and TMP are more slowly decomposed 
the animal into nonvitamin products than 
thiamine, 

Thiamine injected parenterally for therapeutic pur- 
poses can replaced successfully T-3-P TPP, 


4 
; 
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~ 


which will more effective, since they are better re- 


tained the animal tissues and less into 
nonvitamin products, 


peutic purposes practical importance since its chem- 


The use T-3-P for parenteral injection thera- 


ical synthesis and industrial production are simpler and 
its cost significantly less (almost quantitative yield 
obtained) than TPP (cocarboxylase); preparations con- 
taining other thiamine phosphate esters also possess 
higher biological activity than thiamine, 
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The particular low- molecular weight, soluble RNA 
found the supernatant fraction cell homogenates 
has attracted much attention from biochemists, 
comparatively short time (1958-1959) and the re- 
the main chemical properties and biochemical function 
this RNA have been established, 

was shown that the soluble RNA fraction localized 
the hyaloplasm practically all animal, plant, and 
bacterial cells contained about 10-20% all the RNA 
the cell cytoplasm, distinction from the high poly- 
mer RNA isolated from cellular organoids (molecular 
weight from 200,000 1,500,000), the fraction sol- 
uble RNA comparatively small polynucleotide con- 
structed from 40-80 nucleotide units, spite bio- 
chemical and chemical heterogeneity, the molecules 
soluble RNA have general characterstic; each 
them has the same terminal trinucleotide grouping, 
constructed specific enzyme and consisting two 
cytidylic and terminal adenylic nucleotide 

has been established that molecules soluble 
RNA, reacting with activating enzymes, accept the 
aminoacyadenylates found their The amino 
acid residue the aminoacyladenylate united the 
carbon atoms the ribose end the adenyl 
nucleotide the soluble RNA, and the adenyl compo- 
nent the aminoacyladenylate set free the cell 
solution, 

After accepting the activated amino acids, the 
molecule soluble RNA then reacts with the high poly- 
mer RNA the organoids, which fulfills the function 
stable matrix, and this reaction assures the uptake 
proteins protein synthesis, The latter stages this 
process are still insufficiently studied, but, from num- 
ber theoretical suggestions, the character the 
reaction between the two forms RNA (soluble and 
organoid) which determines the distribution the amino 
acids the polypeptide 12-14], 


The nature these intermediate reactions which 
occur with the participation soluble RNA and have 
been considered more detail number reviews 
[12, 15-17] clearly show the great value study 
these processes for complete discovery the mechan- 
ism protein synthesis and the role the different 
forms RNA reproducing their specificity. However, 
the study soluble RNA connected with number 
difficulties which limit the possibility 
experimental work this direction many bio- 
chemical laboratories which donot have rapid friger- 
ated supercentrifuges, order obtain the supernatant 
fraction homogenate, more less free not only from 
microsomes, but from the polymeric RNA microsomes 
which has partly dissolved the homogenization, 
necessary centrifuge the homogenate with cooling 
105,000 for 2-3 hours, 


work with plant materials have attempted 
avoid this complex procedure and simplify and hasten 
somewhat the method isolating the fraction soluble 
RNA large amount called plasma sap plants, 
obtained the method Mason and Phillips [18] which 
was originally suggested for studying osmotic effects 
plant cells, 


the present time are not entirely sure that 
the RNA isolated from plant plasma sap fully 
equivalent the soluble RNA the supernatant liquid 
the homogenate, For this would necessary 
compare both methods for the same material and 
carry out supplementary physicochemical investigations 
the isolated However, the results the 
ent work show, the plasma sap RNA differs strongly from 
the RNA the residual structures the nature its 
metabolism,and this difference resembles very much the 
difference between the soluble RNA and the RNA 
organoids which has been demonstrated the work 
many authors, 
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*Previous investigations showed that the plasma sap 
plant leaves contained only soluble protein which 
differed its composition from the protein organoids 
and was place intensive accumulation 
amino acids and peptides after nitrogen feeding [20]. 
Proteolytic enzymes and RNA the com- 
position the plasma sap plants 

the present communication give more de- 
tailed data the preparative isolation RNA from 
leaf plasma sap and the results series experiments 
the study its metabolism and function the syn- 
thesis intracellular proteins, 


METHODS 
Obtaining the Plasma Sap Plants 

The method for isolating the plasma sap from 
plant leaves for biochemical investigation has been 
briefly described number studies 22, 23], 
Since the characteristics this method and its use for 
later preparative isolation RNA one the problems 
the present study, consider necessary give 
somewhat more detailed description the technique 
obtaining plasma sap, 

For obtaining the sap under pressure practically any 
kind hydraulic press suitable, one which further 
equipped with pistons various sizes, The capacity 
the inner steel porous cylinder which holds the leaves 
varied depending the type press, our work 
used the simplest small hydraulic press the school 
type and generated pressure 4000 the surface 
the piston; used cylinder with volume 250- 
300 The plant leaves placed this cylinder were 
first densely packed bag strong linen and only 
after this were they submitted the action slowly in- 
creasing pressure, 

Mason and Phillips early 1939 [18] observed 
that even very high pressures only pure vacuolar sap 
was removed from fresh leaves while more than 50% 
the liquid content the leaves remained the com- 
position the plasma sap the almost undamaged cy- 
toplasm, This plasma sap was easily removed from the 
cells, even low pressures, the order several 
atmospheres, only after the tissue had been kept -15 
For more complete removal the plasma sap 
was necessary increase the pressure gradually (in 
our experiments, 150-200 atm), The plasma sap was 
brown yellow, and was usually clear the moment 
its extraction, 

The separation the plasma solution from the 
organoids was carried out this case ultrafiltration 
the cytoplasm under pressure removal numerous 
cellulose membranes, cells, and epidermis which re- 
mained mainly undestroyed, According the micro- 
scopic observations Bugaevskii [24, 25] freezing and 
the resultant formation ice crystals breaks the in- 
ternal structure the protoplasts and the fine proto- 
plasmic membranes, while the strong and thick cellu- 


lose cell walls remain unharmed, should noted that 
the separation soluble RNA from leaves the pro- 
cedure for isolation vacuolar and plasma sap the 
cells can combined number cases, which 
hastens the whole analysis, this case the fresh leaves 
are frozen directly and the mixture plasma and vacu- 
olar sap removed from them the press, The isolated 
sap also serves for separation soluble 

Isolation RNA from Plasma Sap and Residual Structures 
Plant Leaves 

The following isolation RNA from plasma 
from residual structures was carried out chiefly phe- 
nolic deproteinization the material the method 
Kirbi [26], after some preliminary procedures, first 
most experiments, the protein and nucleic acid were 
precipitated the plasma sap double triple the 
volume ethyl alcohol, The precipitate obtained after 
keeping over night with alcohol the refrigerator was 
separated centrifuging and washed with 65-70% al- 
cohol remove soluble compounds, 

separation RNA from structural residues after 
removal the sap 150-200 atm, the residues were 
double layer gauze and separated centrifuging 
from nuclei and cell remnants for 2-3 min 
The protein and nucleic acids the supernatant liquid 
were precipitated alcohol the cold and the further 
procedures were carried out the same way with the 
RNA isolated from plasma 


The precipitate, washed with 70% alcohol, was 
treated different ways, depending the problems 
analysis, simple quantitative determination RNA, 
the precipitate was washed with cold TCA perchloric 
acid for more complete removal acid soluble com- 
pounds, and then with alcohol, acetone, and ether 
remove lipids, The dried and defatted precipitate was 
then hydrolyzed perchloric acid for min 100° 
and after centrifuging the nucleic acids were deter- 
mined spectroscopically with SF-4 spectrophoto- 
meter the method When there was 
need for preparative isolation RNA alone, the pre- 
cipitate was suspended water and submitted re- 
peated phenol treatments, most the other experi- 
ments, before phenol treatment, the RNA, was first ex- 
tracted from the alcohol precipitate with 10% 
100° twice for three hours, Most the protein was thus 
denatured and could separated The 
RNA and part the protein dissolved the 10% 
were precipitated alcohol and the resulting precipi- 
tate, after washing with 65% alcohol was again dis- 
solved 40-50 water and submitted phenol 
deproteinization the cold, The phenol treatment 
the solution was carried out homogenizer and was 
repeated until complete disappearance the film 
denatured protein the phase separation sufrace, The 
proteins precipitated phenol were collected 
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independent fraction, most cases each sample was 
treated with phenol (with addition 10% chloroform) 
4-6 times, Then the water layer was drawn off, freed 
from phenol separatory funnel ether extraction 
and the content nucleic acid precipitated with three 
times the volume alcohol, The precipitate was re- 
precipitated and kept under alcohol for further deter- 
minations, 

Besides RNA the precipitate contained consider- 
able quantity admixtures (by weight) unidentified 
polysaccharides and peptide products bound with RNA, 
The precipitate did not give biuret reaction, The con- 
tent RNA the precipitate was determined after its 
hydrolysis half normal with SF-4 spectro- 
photometer, 

was observed that the precipitate obtained 
from plasma sap homogenate bean leaf structures 
alcoholic precipitation was washed free all the 
soluble compounds with 65-70% alcohol, then re- 
sult the later treatment with 10% NaCl 100° for 
six hours, some quantity peptide and polynucleotide 
products dissolved along with the RNA and small 
mount protein, After precipitation the RNA and 
protein alcohol, these products could easily sep- 
arated from NaCl dialysis through cellophane, The 
quantitative determination these products (calculated 
sum amino acids) was carried out after hydrolysis 
and chromatographic separation the amino acids, 


Determination the Radioactivity RNA 
carrying out this work particularly studied 


the rate uptake the different nucleic acid 
fractions and the rate uptake the 
different protein fractions and the amino acids and 
peptides bound with the RNA, For more complete sepa- 
ration the soluble labeled compounds from the iso- 
lated RNA and proteins different stages washing the 
preparations (at the time salt extraction, dialysis, 
reprecipitation, etc,) always added excess the 
corresponding unlabeled carrier (phosphates, methionine 
and cystine, sulfates), The specific radioactivity (SA) 
the preparations labeled with sulfur which had different 
weight and hence differing degrees absorption soft 
layer the substance, were calculated ac- 
cording the empirically established curve change 
activity the precipitate spread targets the 
same diameter (18 mm), depending the weight the 
precipitate (from mg), Determination the 
radioactivity was carried out with end counter 
BFL- 25, 


RESULTS 
Comparative Determinations Content RNA 


Plasma Sap and Structures and the Rate Uptake 
the RNA Both Cell Fractions 

recent years, but before the discovery the 
characteristics the soluble RNA was observed 
series papers dealing with animal materials that the 


RNA cell hyaloplasm was renewed with greater rapid- 
ity than the RNA cell structures, Shigeura and Chargaff 
have recently carried out number very graphic 
experiments which show that the rate metabolism 
the phosphate group soluble RNA the liver some- 
what exceeds the rate renewal these groups the 
polymeric RNA obtained from the microsomes, Five 
minutes after injecting rat with labeled phosphate 
preparation the soluble RNA their experiments had 
almost 100 times more specific activity than the prepa- 
rations microsome RNA, This difference decreased 
with time and after hours had almost disappeared, 

the material for the study comparative rate 
uptake the RNA plasma sap and total cell 
structures (microsomes, mitochondria and plastids) 
used our experiments month old bean plants, The 
plants were grown 6-liter vessels water culture 
Hellriegel mixture, which was replaced distilled water 
before introducing into the vessel, sodium 
phosphate was added 500 per vessel (SA 
per P), Uptake labeled phosphorus the plant 
was continued for hours, after which the roots were 
washed and the plants were replaced the original 
nutritive solution, Samples leaves and 
were taken, and hours after in- 
troduction Quantitative determination RNA 
(in wet weight leaves) the plasma 
structures was carried out these experiments without 
using phenol deproteinization the preparations, The 
results these experiments were follows (average 
determinations three successive samples); 


Mature leaves 


plasma sap 


14,8 

the figure show the comparative rates up- 
take these RNA fractions, the same time, 
measured the experiments the radioactivity 
the acid soluble paosphates the structures and plasma 
The radioactivity these compounds several hours 
after transferring the plants the original nutritive 
mixture began fall rapidly, 

estimating the results these experiments 
can observe that the RNA content the plasma sap 
young leaves was considerably higher than the more 
mature ones, The rate uptake the RNA com- 
position plasma sap was higher than the structure 
RNA, would expected the basis data already 
known this respect, 

Analogous data the more rapid uptake 
the RNA plasma sap was also obtained experiments 
with vacuum infiltration labeled phosphorus bean 
leaves and later analysis RNA preparations isolated 
phenol deproteinization, 

one the typical experiments for infiltration 
used 100 leaves from the second and third levels 
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Young leaves 

structures plasma sap structures 

: 
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the stem day old plants, with 
0.5 mC/ was infiltrated into the leaves solu- 
tion which contained After the leaves had 
been washed with running water they were exposed 
light 17-18°, Determination the different 
fractions leaf RNA two hours after infiltration showed 
that for plasma sap RNA this was 426 and for structure 
RNA, counts/ min/ 

During these studies observed that successive 
multistage purification RNA (extraction hot 10% 
NaCl, precipitation alcohol, and solution distilled 
water, many intense suspensions with phenol and later 
led rather great loss RNA and 
was not suitable for quantitative determination total 
RNA content the plant cells, Part of-the RNA re- 
mained with the protein, precipitating with the hot 
NaCl solution; part the RNA which dissolved 10% 
NaCl later did not dissolve water, and, finally, 
considerable amount RNA was lost phenol treat- 
ment with denatured protein, The final RNA prepara- 
tions, freed from protein, (especially the RNA the 
structures), was usually considerably less than half 
the amount RNA which could found the cells 
the usual method analysis, 

One experiment determination the RNA 
sap and structures was carried out with oat 
shoots grown cuvette with quartz sand, Two hours 
after introduction labeled phosphate into the cuvette 
the plasma sap RNA which was precipitated from 
alcohol after phenol deproteinization was more than 
100 times greater than the specific activity structure 
RNA, but the loss soluble RNA this preparative iso- 
lation was considerable these experiments that 
here obtained very great differences specific 


activity RNA plasma sap and structures, which 

could the result some supplementary phenomenon, 
any rate, these experiments clearly show the 

difference RNA isolated from plant plasma sap and 


150 


RNA 


hours 


The uptake the RNA different 
leaves; RNA plasma sap lower 
leaves; RNA structures young 
upper leaves; RNA plasma sap 
young upper leaves 


from the total residual structures (except nuclei) the 
rate their renewal, 


position Amino Acids and Peptide Products Bound 


with RNA, and the Composition Different Protein 


Fractions 


many papers mentioned the first part the 
present work was established that after introduction 
labeled amino acids into the organism into the 
incubation medium experiments vitro, they were 
very rapidly included the composition the soluble 
RNA, bound its terminal groups, connection with 
this, the the soluble RNA fraction quickly in- 
creased and the first samples considerably surpassed 
the proteins, later time intervals was found 
that there was transfer radioactivity the protein 
and continuous increase its activity, was there- 
fore interest study the dynamics the dif- 
ferent protein and nucleic acid fractions after intro- 
duction labeled amino acids into the plant, 


The first experiments were carried out with 12-13 
day old oat shoots, grown quartz sand large 
cuvette (40 cm), Radioactive methionine (SA 0,5 
zone the root system (at the root layer), using about 
for each cuvette, For the preparative analysis 
used rather large sample the green mass (300 
400 obtain enough plasma sap, Table 
give the results the first these experiments 
which deproteinization the products from plasma sap 
and homogenates structures, precipitated alcohol, 
was carried out with phenol without preliminary extrac- 
tion the RNA 10% 100°, these experi- 
ments determined addition the radioactivity 
the products split from RNA weak alkaline hydrolysis 
(at 10), which, according the data Hoagland 
[6] results the splitting from soluble RNA the liver 
about 50% the amino acids bound it, without 
destroying the polynucleotide chain, 


During the process purification, the RNA the 
structures was almost completely freed from radio- 
active amino acid, while the RNA preparation from 
plasma sap had very great radioactivity (Table 1), 

second experiment was out 
test the possibility explaining these results some 
sort nonspecific reaction binding methionine, 
For this purpose introduced into the zone the root 
system the shoots not but 
aration each cuvette (in this case protein synthesis 
the same amino acids were taken were synthesized 
directly the plant leaves), Determination the 
the preparations protein and RNA the oat shoot 
leaves six hours after exposure showed the following (SA 
counts/ [next page]: 
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Total protein, precipitated 10% 
NaCl 100° 


Water insoluble fraction salt extract, 


precipitated alcohol 

Final alcohol precipitate RNA after 
Phenol deproteinization products 
soluble 10% and water 


The results obtained these experiments were 
somewhat unexpected, both cases quantitative deter- 
mination showed that the final precipitate plasma 
sap contained comparatively RNA and 
large amounts products which did not give the bi- 
uret reaction and were not precipitated TCA. the 
last these experiments obtained about 
this precipitate from 250 plasma sap, interest- 
ing note that the percent content RNA the water 
insoluble precipitate the salt extract (about mg) 
was higher than the final precipitate, while its radio- 
activity was much lower, considerable part the 
alcoho! precipitate after phenol deproteinization con- 
sisted polysaccharides, result treatment the 
precipitate with ribonuclease (in the second experiment) 
only very small part the radioactive product lost its 
ability precipitated did not find 
characteristic amino acid spots chromatography the 
water solution this fraction, After acid hydrolysis 
the precipitate chromatography showed number 
amino acids, but the sulfoamino acids after such hy- 
drolysis are usually fully destroyed the presence 
excess polysaccharides, and all the radioactivity the 
hydrolyzate found not far from the original spot the 
chromatogram (when protein and peptide products are 
hydrolyzed the presence carbohydrates there de- 
struction and interaction many amino acids [28] and 
therefore such hydrolysis suitable only for purposes 
orientation), 

interesting note that the products split 
from RNA weak soda hydrolysis (Table possible 
establish the presence free amino acids only after 
later acid hydrolysis, 

the origin the final precipitate, which has 
maximum radioactivity, should noted that the 
radioactive complex this case some kind pep- 
tide and polypeptide product, perhaps complexed with 
carbohydrates and polynucleotides, and which only ac- 
companies the soluble RNA its isolation, Some prop- 
erties this precipitate (stability alkaline hydrolysis, 
ribonuclease, its peptide character, solubility per- 
chloric acid, and its great amount) show that its unusu- 
ally high radioactivity apparently determined not 
the amino acids joined the end groups the soluble 


Intracellular 
structures 


Plasma sap 


306 


334 


57690 397 


RNA molecule, but the presence some parti- 


cular complex with still unclear function, 
number earlier works one the authors 


[29-31] study the uptake radioactivity from 
methionine and sulfates different fractions ofcom 
and bean proteins was found that when the labeled 
compound was introduced into the root zone and the 
synthesis proteins the roots greatly surpassed the 
synthesis proteins the leaves, the conducting system 
transported very small amounts polymeric, highly 
active soluble products, which inordinary analysis pre- 
cipitated the fraction vacuolar and plasma sap 
proteins, whose activity this case was much greater 
than that the structural proteins, the vacuum in- 
filtration directly into the leaves, 
these highly active admixtures were usually absent from 
the proteins the sap, The localization these com- 
pounds the conducting and transporting systems the 
leaves was established preparative radioautographs 
the leaves pressed filter 

Comparing these results with those which were ob- 
tained the present study, feel very probable that 
the final, very activie precipitate also contains some 
sort peptide and polypeptide complexes, transported 
into the Jeaves from the roots along with the 
nine and and therefore has maximum ac- 
This suggestion finds confirmation the fact that 
with vacuum infiltration directly into 
the leaves the nature the distribution specific act- 
ivity fractions was somewhat 

Vacuum infiltration was carried 
out bean leaves, all carried out between July 
and November, 1959, three experiments which 
somewhat from each other, the first experiment the 
leaves were taken from levels 2-3 day old plants; 
the second and third experiments used material 
for infiltration leaves from the levels 1-2 younger 


-methio- 


day ald plants, The and its con- 
centration the solution were somewhat different 
the different experiments and was necessary 
compare not the different experiments, but the activ- 
ity the fractions each experiment separately, 
methionine had the following activities per mg: ex- 
periment 0,31; 0.17; 0.48 MC, Also the 
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TABLE Radioactivity Preparations Proteins, RNA, and Products Split 
from RNA, Isolated from Oat Leaves after Exposure the Plants Medium 
with (in counts/min) 


Intracellular 
structures 


Plasma sap 


Preparation and amount 


6.0 hrs 


Total protein, 

Products split from 100 RNA min 
hydrolysis with 0.1 NaHCO, 37° 

RNA after removing products split soda 
hydrolysis (per 100 RNA) 


readings were taken the moment adding the 
zone the root system. Since intensive accumulation radioactivity began 
only after hours from the experiment began, readings were not 


made before this period. 


first the leaves were exposed after infiltra- 
tion natural light 17-18°, while the other two 
experiments exposure the leaves was carried 
daylight lamps addition, the second ex- 
periment some determinations were not carried out 
because the accidental loss the preparation 
during phenol treatment. The period 
from infiltration the freezing the 
leaves all cases was two hours, spite these dif- 
ferences the results the experiments comparing the 
activity the preparations each the experiments 
were fully the same, and are summarized Table 

was introduced into the leaves 
solution which contained 19,6 and re- 
spectively the first, second and third experiments, The 
weight leaves used for infiltration these experi- 
ments was 100, 200, and 300 known that vacu- 
10-12% the solution with respect the initial wet 
weight the leaves, and therefore for each wet 
amino acid, 

the same time the determination 
determined the content polynucleotides these frac- 
tions, The maximum quantity polynucleotides was 
found the final RNA precipitate; however, non- 
dialyzed fraction (3) the precipitate which both 
experiments had maximum SA, also found con- 
siderable amount polynucleotides (about 10-20% 
the amount found the final RNA precipitate), 

The presence polysaccharide contaminants the 
final RNA precipitate certainly decreased its actual SA, 
could calculated, for example, the weight 
methionine these products, The chromatographic de- 
termination methionine the RNA preparations was 
very difficult, since was decomposed and oxidized 
hydrolysis the presence carbohydrates and 
Chromatograms the hydrolyzate from the final RNA 


time 


precipitate plasma sap are therefore only orienting, 
but these chromatograms can clearly find the 
chief amino acids (cystine, lysine, glycine, serine, as- 
partic and acids, alanine, phenylalanine, leu- 
cine, isoleucine, and less clearly, some others), the 
chromatogram the nondialyzed peptide products 
the plasma sap and structures are clearly shown all the 
amino acids which could identified the pro- 


DISCUSSION 

refrain for the present from analysis the 
material obtained the experiments with introduction 
labeled and sulfates oat plants, 
some peculiarities which are evidently connected 
with the presence some very active compound from 
the conducting system, then the data the last table 
can also considered preliminary, these experi- 
ments noted the cell protoplasm fraction (frac- 
tion Table which the usual schemes prepara- 
tive analysis, experiments for determining the rate 
synthesis, rule discarded along with the super- 
natant liquid after salt extraction, else enters the 
omposition the total protein less detailed treat- 
ment, The polypeptide and polynucleotide products 
which enter its composition, insoluble 60-70% alco- 
hol before deproteinization the plasma sap and struc- 
tures also pass into the soluble state (in 70% 
after treatment the precipitate with 10% at100°, 
This permits suggest that the above compounds, 
first loosely bound the protoplasm some sort 
structure, enter the free state when these bonds are de- 
stroyed. These same compounds, separated from the 


*The amino acids labeled with the carboxyl group, 
which had our disposal, were still less suitable for 
this study, since they were very quickly decarboxylated 
plant tissues; known, plants then easily assimilate 
the evolved carbon dioxide directly their 
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hrs| 2.5 hrs 
3280 6250 bkgd. bkgd. 


Fraction 


Total protein (1) 

Precipitate obtained dialysis 
product soluble 10% 100°, 
but not precipitated alcohol (2) 

Polypeptides and peptides separated 
from the total alcoholic precipitate 
after its treatment with 10% NaCl 
100°, nondialyzing and not precipi- 
tated alcohol (3) 

RNA protein before phenol treat- 
ment (4) 

Final alcohol precipitate RNA (5) 


was lost the time analysis. 


plasma sap, have the maximum SA, greatly surpassing 
the total protein, The the amino acids bound 
the terminal groups the RNA perhaps higher, but 
this has not yet been firmly established, have not 
carried out short term expriments determine the 
the polynucleotides this fraction experiments with 

Only one experiment not considered the given 
report was carried out which considered the 
tivity all the fractions three days after introduction 
the root system zones beans, With such ex- 
posure the different values the preparations 
strongly leveled off, but this case the polynucleotides 
these fractions had great activity compared the 
activity RNA isolated from structures, 


The polypeptide products contained these frac- 
tions were about 4-6 times higher (by mass) than the 
content polynucleotides, but calculations mass 
the total protein they made only few percent, 
was possible isolate considerably greater mass 
these products from the structures, calculated wet 
weight the leaves, than from the plasma sap (by 3-4 
fold), although the these components was con- 
siderably lower the structures, 


The functional role this fraction not very 
clear, However, interesting note that although, 
according present ideas, molecules RNA the 
structure are matrices for protein synthesis, and hence 
should contain the moment analysis some incom- 
pleted peptide chains fixed positions, yet actually 
the RNA the structures are almost completely free 
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Experiment 


TABLE Radioactivity Different Fractions Isolated from Bean Leaves Two Hours after Infiltration 
into the Leaves counts/min/2 


Experiment Experiment III 


plasma 
structure structure 
sap 
1514 3364 2647 
not det. 6420 4782 
404 det* 1938 356 
not det. 1743 


labeled methionine, The RNA plasma sap quite 
different this respect; its bond with labeled 
pounds considerably stronger, The presence the 
composition RNA, deproteinized phenol, amino 
acids, peptides, and protein complexes was noted the 
work number authors However, pure- 
analytical work always remains uncertain whether 
these are products intermediate protein synthesis 
only the result incomplete deproteinization, any 
way can secondary forms chemical reaction with 
RNA, The rather high percent these admixtures the 
analysis total RNA from oat shoots [34] could, for ex- 
ample, the result some soluble complex root 
origin which accompanies the plasma sap, in- 
directly indicated the results our work, 

the recent work Dintzis, Borsook, and Vinograd 
[35] the microsomes reticulocytes were found poly- 
peptides and peptides extractable heat, which ex- 
periments with labeled amino acids had very high ac- 
tivity and considerably more rapid renewal than the total 
protein, Only the cells Pseudomonas 
was there detailed study Connell and Watson [37 
the variety composition the peptide fractions 
formed result synthetic processes which pro- 
ceeded protein synthesis, 

Numerous facts the share peptides the 
synthesis proteins have also beengivenin recent re- 
view devoted the biological role the peptide frac- 
tions [38], Based these materials can express the 
following ideas the nature peptides and poly- 
peptides with maximum activity the plasma sap and 
less activity the peptide fraction the structures, 
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Evidently, spite the participation the mole- 
cule soluble RNA protein synthesis specific 
adaptor, the synthesis polymeric protein molecules 
occurs stepwise, with intermediate formation peptide 
and polypeptide products, loosely bound the matrix, 
The peptide fraction the structures, separated from 
them after treatment with hot 10% NaCl evidently con- 
sists incomplete protein products the primary and 
secondary cycles their enlargement, while the anal- 
ogous peptide fraction plasma sap consists inter- 
mediate peptides which are evidently formed the 
matrix but then are split off for new uptake into the 
composition some structure for further 
the protein molecule, 


The plasma sap frozen plant tissues, separated 
pressure and forming ultrafiltrate cell cyto- 
plasm suitable and easily available fraction for 
preparative isolation large amounts RNA, ThisRNA 
similar some respects the RNA found previously 
only the supernatant fraction after precipitation 
the microsomes rapid 

The plasma sap RNA isolated from bean and oat 
leaves has considerably greater rate phosphorus 
metabolism than the RNA the total structural ele- 
ments, 

the composition cell components was found that 
the plasma sap RNA cells after its deproteinization 
always contained considerable amount radioactivity 
due the presence amino products, 
while the structural RNA could almost completely 
freed from labeled products, 

leaf protoplasm fraction was found which con- 
sisted polypeptides and polynucleotides which was 
separated from the total alcohol precipitate plasma 
sap and structure homogenate treatment with 10% 
NaCl 100°, These compounds were not precipitated 
alcohol, which permits their separation from the nu- 
cleic acids and proteins, The products contained this 
fraction from plasma sap had maximum radioactivity, 
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The extractable nitrogenous compounds the 
smooth muscles vertebrates, and particularly those 
invertebrates, have received very little attention, Recent 
communications have dealt with some the phospha- 
gens smooth muscle [1], with the distribution nitro- 
genous bases muscles lobsters and shrimp [2, 3], 
and with the free amino acids the muscles the 
molluscs Mytilus edulis and Mya arenaria [4], the 
latter work, amino acids were identified the pro- 
extracts, but the results were purely qual- 
itative nature, 

The present work deals with both the qualitative 
and quantitative distribution the free amino acids and 
peptides the smooth muscle the pigeon stomach 
and the adductor and foot muscles the molluscs 
Anodonta and Mydial, 


METHODS 

The required muscles the pigeon and the two 
molluscs were dissected free surrounding tissue and 
ground up, 

number protein precipitation techniques were 
tested, They included cold precipitation with TCA, 
tungstic acid, perchloric acid, dilute acetic acid with 
boiling for seven minutes, The extraction procedure 
finally adopted was follows: The ground tissue was 
homogenized with three volumes TCA fine 
suspension, The suspension was centrifuged and the pre- 
cipitate re-extracted with The pooled extracts 
were filtered and, since those the invertebrates (and 
particularly Anodonta) were strongly opalescent, were 
treated with equal volume ethanol, The resultant 
precipitate was centrifuged off and washed thrice with 
ethanol, The pooled supernatants were evaporated 
the water-bath, TCA was removed from the concentrated 
extracts shaking separating funnel least 10-12 
times with three volumes ether, The same standard 
procedure was adopted for the extracts pigeonstomach 
muscle which were quite clear from the outset, The 
ether layers the first three extractions were usually 
yellow, The color was particularly pronounced with ex- 
tracts from the yellow part the Anodonta foot, The 
ether layer contained fats and other fat-soluble sub- 
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stances, like chromogens and pigments, Towards the end 
the extraction some slight precipitates hydro- 
philic nature appeared and were removed centrifuga- 
tion, The fat-free extract was evaporated the steam- 
bath about (and centrifuged necessary), 
and the clear solution was used for chromatography, 
some cases the evaporation was carried through dry- 
ness and the dry residue was treated with ethanol, slight- 
acidified with 0,1 


Chromatographic paper (Leningrad No, was 
washed prior use with solution oxine (8-hy- 
droxyquinoline) the solvent acetic 
acid-water The paper was then washed 
the chromatography vessel descending irrigation with 
the same solvent for 2-3 days, and then with water, 
Papers treated with and then copiously washed 
with water were also used, 


Application extracts the The papers 
used were cm, line parallel with the lower 
edge, and distant from it, was drawn across the 
sheet, Several pentagons, distant from each other, 
were drawn above that line, Sections the line men- 
tioned above, each long, served the bases 
the pentagons, Their sides were perpendicular the 
base, and drawn upwards length cm, The re- 
maining two sides were drawn upwards meet 
median point, The strips between the pentagons, 
wide, were used origins, The solutions, volumes 
depending the solute concentrations the various 
tissues, were applied, each one those strips, equi- 
distant from the bottom line, while other positions were 
occupied reference compounds, The latter were 
mino acid solutions either 10% ethanol double- 
distilled water, Reference solutions contained 
the amino acid per liter, and 5-10 any given 
amino acid was applied reference strips, 

After the application the mixtures and the refer- 
ence standards the pentagonal sections were cut out and 
the chromatograms were placed the solvent, The most 
suitable mixture for the separation amino acids was 
found butanol-acetic acid-water (4:1:5 8:3:1), 
The chromatograms were then developed with 
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solution ninhydrin acetone and allowed remain 
the dark for hours room temperature, The al- 
ternative treatment heating for min 
discoloration the background and interfered 
with quantitative determinations, The developed chrom- 
atograms were stored the cold order delay fad- 
ing the spots, When long storage was required, the 
chromatograms were fixed with solution 
nickel sul fate, 

The protein-free extracts the smooth muscles 
vertebrates and invertebrates were checked firstly for 
the presence the peptides carnosine and anserine, 
These were precipitated from the extracts mercury 
complexes the presence ethanol, After suitable 
treatment the crude precipitates the solutions thus 
obtained were applied chromatograms, Amino acids 
and peptides were separated ascending chromato- 
graphy phenol 181°) saturated with water, 
some occassions HCl vapor was introduced into the at- 
mosphere placing vessel aqueous (1:2) 
side the chromatography chamber, 


The chromatograms, after removal 
the solvent with hot acetone, were developed for histi- 
dine and carnosine with diazo-reagent, and for anserine 
ninhydrin, occasion were the amino acid, 
histidine, the peptides,carnosine and anserine, de- 
tected chromatograms smooth muscle extracts, 

Experimental work with the smooth muscle extracts 
consisted mainly two parts; the qualitative chromato- 
graphic analysis the amino acid composition and the 
quantitative estimation that 

Quantitative determinations were carried out ac- 
cording Giri and co-workers [5], with the 
tions Zaitseva and Tyuleneva [6], Colorimetric meas- 
urements the ninhydrin-copper complex 530 
were made FEK-M colorimeter with green filter 
No, Colorimetric readings were translated into amino 
acid concentrations with the aid corresponding standard 
curves, 


RESULTS 

The qualitative results, the amino acid compo- 
sition the protein-free extracts vertebrate and in- 
vertebrate smooth muscle can seen from the repro- 
duced chromatograms, Chromatograms and represent 
the amino acids the extract the pigeon 
stomach, The chromatogram shown Fig, represents 
the result separations amounts extracts corre 
sponding and tissue, respectively; those 
shown prepared from smaller applications, 
This was done order facilitate the quantitative de- 
termination those amino acids which occur the 
tissues comparatively high concentrations, while the 
heavy applications allowed the determination the 
minor constituents, The availability range total 
material applied the origin allowed the quantitative 
determination all the amino acids present, 


inspection showed that, judged from 
the intensity the ninhydrin-stained spots, the amino 
acids ranged their content the extract follows 
(in decreasing order glutamic acid, gluta- 
thione, glutamine, aspartic acid, serine, glycine, ala- 
nine, arginine and leucine, Those found smaller 
mounts were; cystine cysteine, ornithine lysine, 
threonine, tyrosine and methionine 
should added that the spots marked 13, and 15, 
and corresponding tyrosine and valine 
methionine, respectively, and which are poorly repro- 
duced the photograph, were clearly visible the 
original chromatogram, 

The fact that cystine and cysteine, ornithine and 
lysine and methionine and valine have actually been 
demonstrated the chromatogram supported the 
observation that, when reference standards those six 
amino acids were chromatographed together the usual 
fashion the solvent used, the three pairs mentioned 
failed show separation their two components which 
frequently showed one spot, 

The qualitative amino acid composition the 
protein-free extracts the foot and adductor muscle 
Anodonta shown Figs. and 

The chromatogram shown represents the 
tissue, Glutathione and amino acids are clearly 
discernible, The glutathione spot, which was cone- 
shaped and unlike that the reference compound, was 
later found mixture containing, addition 
glutathione, also cystine and cysteine, order dem- 
onstrate this point other solvents and precipitants were 
employed, Deproteinization with dilute acetic acid 
with seven-minute boiling produced extract 
which gave some what different chromatographic 
tern 4). Here, between the spots corresponding 
arginine and serine, least two other spots (glutamine 
and aspartate) appeared, the same chromatogram 
there appeared also additional unidentified spot above 
that tyrosine; this could seen all levels ap- 
plication, Thus the extracts the Anodonta muscle 
were found contain various amino acids, qualitatively 
corresponding those present also the 
extracts thepigeon stomach muscle, 


histidine and other amino acids, not found 


the protein-free extracts Mydial, were easily de- 
tected the 24-hour, hydrolyzates the pro- 
tein precipitates this species, 

The portions the extracts used for quantitative 
work were extracted 10-12 times with ether; after re- 
moval excess ether and evaporation the 
residue was treated with equal volume ethanol and 
the precipitate was centrifuged off and washed with 
ethanol, The pooled supernatatnts were concentrated 
0,5-1 and applied chromatograms, 


791 


| 
= 


Fig. Fig. 


Fig. Chromatogram extract pigeon stomach muscle, with heavy applications the following: Cor- 
lysine; arginine; glutamine; aspartic acid; serine; glycine; 10) glutamic acid; 11) threonine; 12) 
alanine; 13) 14) tyrosine; 15) methionine valine; 16) leucine isoleucine, 

Fig. Chromatogram extract pigeon stomach muscle, with light applications, Corresponding 
tissue; II) corresponding 7,5 tissue; corresponding tissue, glutathione; cystine cysteine; 
ornithine; lysine; arginine; glutamine; aspartic acid; serine; glycine; glutamic acid; 10) 
threonine; 11) alanine; 12) 


Fig. Chromatogram material obtained from the smooth muscles the foot and adductor muscle Anodonta, 
Amino acid distribution extracts prepared TCA precipitation, Amounts extracts applied corresponded 
the following amount tissue (in mg): 60, 30; 15, 1,2,3) glutathione cystine cysteine; ornithine; 

lysine; arginine; serine; glycine; glutamic acid; 10) threonine; 11) sarcosine; 12) alanine; 13) tyro- 
sine; 14) valine methionine; 15) phenylalanine; 16) the leucines, 


Fig. 
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Fig. Chromatogram extracts the smooth muscle from the foot and adductor Anodonta, Amino acid 
distribution extracts obtained deproteinization with 0,04 acetic acid, Equivalent tissue applied (mg): 
15; 30; 45, glutathione; unidentified; 3,4) cystine cysteine; 5,6) ornithine lysine; unidenti- 
fied; arginine; glutamine; 10) aspartic acid; 11) serine; 12) glycine; 13) glutamic acid; 14) threonine; 15) 
sarcosine; 16) alanine; 17) tyrosine; 18) unidentified; 19) methionine valine; 20) phenylalanine; 21) the 


leucines, 


Fig. Chromatograms extracts various tissues the Mydial: Foot; II) adductor muscle; III) mantle, 


mounts extract applied corresponded each tissue, glutathione; cystine 


cysteine; ornithine: 


lysine; arginine, taurine glutamine; aspartic acid; serine; glycine; 10) glutamic acid; 11) 
threonine; 12) alanine; 13) 14) tryptophane; 15) phenylalanine; 16) the leucines, 

Fig. Chromatograms extracts the foot and adductor muscles the Mydial, Amount extract applied 
lysine; arginine; 6,7) taurine glutamine; aspartic acid; serine; 10) glycine; 11) glautamic acid; 12) 


threonine; 13) alanine; 14) 


4 


TABLE Free Amino Acid Composition the Smooth Muscles the Pigeon Stomach 
and the Foot and Adductor Muscles Anodonta and Mydial (In wet tissue 


weight) 


Smooth muscle muscle 
pigeon stomach 


aci 
Amino acid 


acids 


nitrogen 


Smooth muscles 


Anodonta Mydial 


amino 


nitrogen 
acids 


nitrogen 


184,1 
Cystine cysteine 
Lysine 12,0 
Arginine 15,0 
Taurine 

Glutamine 

Aspartic acid 

Serine 

Glycine 

Glutamic acid 
Threonine 
a-Alanine 

Tyrosine 
Tryptophane 
Valine 
Phenylalanine 


Leucine 
Isoleucine 


Total 


128,4 
26,8 


6,9 
24,3 
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+- 


13,3 
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The chromatograms the free amino acids the 
extracts the adductor, mantle and foot muscle 
Mydial are presented Figs, and 

will seen from that the extracts the 
foot and adductor muscles did not differ their amino 
acid composition, The mantle the Mydial was found 
contain the same complement free amino acids 
the smooth muscle, but the quantitative distribution was 
different, When chromatograms, corresponding the 
same amount tissue (20 mg), are compared, the in- 
tensity the ninhydrin colors some the amino 
acids can seen differ, depending the source; 
thus threonine, serine, cystine and lysine, and 
lesser degree also glycine, arginine, aspartic acid and 
taurine, are seen occur the mantle higher con- 
centrations than either adductor foot muscles, The 
remaining amino acids are distributed comparatively 
uniformly amongst the three tissues investigated, 


The muscles Mydial, unlike those the Anodonta 


and the pigeon stomach, contain large amounts 
rine, which the chromatographic system used runs to- 
gether with glutamine, This has the past led 
erroneous assumption that the tissues Mydial con- 
tained free glutamine, However, further resolution 
(by electrophoresis) eluates the taurine spots showed 
the presence glutamine also: the latter accounts for 
about the total compounds the 
spot, the same method, small taurine contaminant 
was also shown present the arginine spot, These 
three compounds can therefore not satisfactorily re- 
solved single chromatographic step, 
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109,6 
24,3 
70,0 

21,9 

139,5 


1126,9 

The presence the following amino acids was 
demonstrated the foot and adductor muscles the 
cystine cysteine, ornithine, lysine, arginine, 
acid, serine, glycine, glutamic acid, threonine, 
sarcosine (in small amounts), alanine, tyro- 
sine, tryptophane, phenylalanine, leucine isoleucine, 
glutathione, glutamine and taurine, 

The quantitative distribution the free amino 
acids the various tissues investigated shown 
Table 

follows from the Table that the smooth muscles 
both vertebrate and invertebrate origin contained the 
same complement free amino acids, The only excep- 
tion this rule was taurine, which was found, rather 
large amounts, the Mydial alone, 

the other hand, the quantitative distribution 
follows different individual patterns the species in- 
vestigated, The total non-protein amino acids the 
Mydial (1127 three times that found Ano- 
donta (346 mg%) and 1,5 times that the pigeon 
stomach wall (728 The major nitrogenous, non- 
protein components the pigeon stomach wall are 
glutamic acid, glutathione and glutamine; the Mydial 
they are glycine, alanine, arginine and taruine; the 
Anodonta arginine, alanine and, with reservations, 
glutathione, since the values for glutathione nitrogen 
(Fig. represent sum ninhydrin-reacting com- 
pounds, The remaining amino acids-tyrosine, trypto- 
phane, methionine, valine were not determined 
quantitatively since, although their presence the ex- 
tracts was beyond doubt, their concentrations were low, 


acids 
6,8 13,3 1,8 
4,6 3,4 52,7 6,2 
2,3 19,0 3,6 42,7 8,2 
4,8 54,8 130,3 41,8 
2 
3,8 19,7 48,9 
0,9 3,5 3,0 
0,6 0,9 7,0 0,6 
1,4 14,2 22,8 1,8 
= 


DISCUSSION 

The present results demonstrated that the tissues 
studied the smooth muscles the pigeon stomach and 
the muscles Anodonta and Mydial- the general 
mino acid make-up showed only slight differences, al- 
though their quantitative distribution showed consider- 
able variation, The highest amount free amino acids 
was found the marine form Mydial 1127 mg% 
compared the fresh-water Anodonta, This 
difference between the two species could 
due the different habitat, For instance, Florkin [7] 
reporting the high free amino acid concentrations 
marine crustacea, compared with fresh-water crustacea, 
considered the raised levels response reaction 
the high osmotic concentration the sea water, Accord- 
ing our the total extractable nitrgoen the 
Mydial amounted 550 mg% the foot muscle and 
525 mg% the adductor muscle, About 40% this 
nitrogen accounted for amino acids, the Ano- 
donta the total extractable nitrogen amounted 202, 
mg% and 158,2 foot and adductor muscles, 
respectively, this value, only about 25% amino 
acid nitrogen, This large difference the amino acid 
content marine and fresh-water forms can also due 
differences nutritional conditions and habits, 

Thus the complement free amino acids present 
the various vertebrate and invertebrate muscles, 
well the prevalence certain amino acids some 
forms, appear far from accidental, 

Glutamic acid, glutathione and glutamine appear 
the prevalent amino acids the vertebrate smooth 
muscle (pigeon stomach wall), the other hand, the 
invertebrates glycine, alanine, arginine, taurine and 
glutamic acid play important role the composition 
muscle free amino acids, They are found those 
tissues high concentrations, well known that 
the muscles some invertebrates arginine, the form 
the phosphagen phosphorylarginine, plays very im- 


portant role, comparable with that phosphorylcreatine 
vertebrate muscle, 


SUMMARY 

The qualitative amino acid composition protein- 
free extracts vertebrate smooth muscle was found 
essentially the same that invertebrate smooth 
muscle, The only exception was found taurine, 
present the Mydial, but absent from the Anodonta and 
from the pigeon stomach wall, 

The marine forms Mydial contain approximately 
three times the concentration free amino acids than 
the fresh-water Anodonta and about one-and-one-half 
times that the smooth muscle the pigeon stomach, 

The dipeptides, carnosine and anserine could not 
detected the smooth muscles either vertebrates 
invertebrates, but muscle all species tested was found 
contain the tripeptide glutathione, which present 
particularly high concentrations the muscles the 
pigeon stomach wall, 
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THE EFFECT PROLONGED DAILY IRRADIATION 
NUCLEIC ACID TURNOVER SOME TISSUES 
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Translated from Biokhimiya, Vol. 25, No. pp. 1018-1025, 
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Numerous have dealt with the 
effect single dose ionizing radiation animal 
metabolism, but the works dealing with the effect 
chronic irradiation are very view the fact that 
nucleic acids are considered among the most radio- 
seasitive compounds within the living cell, and since 
nucleic acids are intimately concerned with the pro- 
cesses division, regeneration possibility re- 
constitution, was considered some interest study 
the metabolism these compounds the most radio- 
sensitive (bone marrow) and relatively radioresistant 
(liver) tissue rabbits subjected chronic total body 
radiation (TBR). 


METHODS 

total rabbits both sexes, weighing 2,5- 
kg, were given daily (six days per week) doses 
TBR, The y-radiation source delivered the 
killed air embolism after they had received total 
doses 210, 420, 630, 900, 1410, 1920 2490 cor- 
responding 14, 21, 30, 47, and irradia- 
tion, respectively, Each irradiation group contained 
four rabbits, the control group five. Nucleic acids (NA) 
liver and bone were determined according 
Schmidt and Thannhauser, with the modification 
Davidson [6] Phosphorus incorporation was measured four 
body weight, 

The mean nucleic acid content per cell was calcu- 
lated from the known analytical values counting the 
number cell nuclei one tissue, The results 
were also evaluated the basis differential cell 
counts bone-marrow smears and mitotic counts 
liver sections, 

Relative specific activities (RSA) were calculated 
from the determined values the various acid- 
soluble phosphorus compounds described earlier [7]. 
All results were expressed the arithmetical mean 
the determinations with the error the 


RESULTS 
Daily irradiation with caused some loss 
weight the rabbits and, from the second week 
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ment onwards, fall the leucocyte and thrombocyte 
count the blood, The red blood cell (RBC) count and 
total hemoglobin were unaltered, 

can seen from Table that there were 
appreciable changes RNA-P and DNA-P content 
liver, The DNA-P content (per tissue) fell the initial 
stages irradiation (at the 420 level) 24%, Con- 
tinuing irradiation caused slight increase the DNA- 
content, and its value returned normal level after 
total dose 2490 (83 irradiations), total dose 
levels 210 and 900 RNA-P levels fell slightly (by 
about 20%), all other TBR levels the RNA-P -content 
was either normal slightly above that, 


Specific activit 


1600 2000 2400 
Cumulative dose, 


Fig. The specific activities 
the RNA and DNA phosphorus 
liver and bone-marrow animals 
receiving different cumulative doses 
TBR. (Animals were given 
per body weight 
and killed four hours later) 
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TABLE Nucleic Acid Content Liver and Rabbits Various Stages 
Chronic Irradiation. 


Liver wt. per tissue 


Dose, 
body wt. 


1410 


630 
900 


investigation into the incorporation into 


the showed that comparatively small (for 
rabbit) cumulative dose 420 (14 increased 
the DNA-P factor 2.2. Further irradiation 
brought about the decrease this value until, 
mulative dose 900 irradiations), the DNA- 
was only control value, When the cumulative 
dose reached 1400 and 1920 the fall DNA-P 
was less marked, while 2490 again increased 
about 2,7 times the control value, The dynamics the 
change RNA-P was similar that DNA-P, 
but the intensity the changes was less pronounced, 

study the RSA values showed that the 
changes incorporation observed actually 
true increases decreases the turnover the NA, and 
were not due altered permeability the cells for 
phosphate, 

Nuclear count per revealed that pro- 
longed irradiation caused significant changes cell 
numbers, Thus, cumulative dose 630 there wasa 
detectable fall nuclear count (by 19%), Further ir- 
radiation tended level out the early effect, and some- 
timesto stimulate even excess cell division, evidenced 
slight increase (13%) the nuclear count over con- 
trol value the 1920 level, The mean DNA-P content 
per liver nucleus was elevated most stages irradia- 
tion, The highest DNA content per nucleus (about 1,5 
times control value) was observed animals given 
cumulative dose 1410 (47 irradiations), The mean 
RNA content per nucleus was also variable, The maxi- 
mal levels (about times the control value) were 
found after cumulative dose 630 (21 irradiations), 


RNA-P -P,mg 


Liver 


Bone marrow 


per cell 


count 


Seven irradiation periods each failed 
affect the content bone marrow, Further irradiation 
caused appreciable fall the content per tissue, 
Thus, when the cumulative dose 900 (30 exposures) 
was given, the RNA-P and DNA-P content bone marrow 
was considerably below normal values (60% controls). 


Liver 


Relative specific activity 


DNA 


Cumulative dose, 
Fig. Relative radioactiv- 
ity the RNA and DNA phosphorus 
liver and bone-marrow ani- 
mals receiving different cumulative 
doses TBR. 
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DNA 
70 
40 / 
20 
| 
9 
‘ 


Two and one half months from the beginning the treat- 
ment (cumulative dose, 1920 irradiations) these 
values fell further 58% and 53% control values for 
the RNA-P and DNA-P, respectively, slight rise the 
nucleic acid content was then cbserved the 2490 


level, 

The specific activity (SA) the RNA-phosphorus 
fell considerably after 210 (values were con- 
Further irradiation generally increased the 
the RNA phosphorus which reached maximal values 
the 630 and 2490 levels (152 and 165% control 
values, respectively 1), The DNA-P fell 
likewise the 210 irradiation level 
rose considerably dose levels 420, 630, and 2490 
(144,5, 164 and 166% control values, respectively), 
the liver, calculation RSA values for bone mar- 
RNA-P and DNA-P showed that the changes were 
not fortuitous, but reflected true changes the rate 
synthesis these compounds 2). 

The nucleated cell count per bone marrow 
commenced falling from the onset irradiation, being 
evidence already the 210 dose-level, Minimal 
counts were observed the cumulative levels 900 
(30 irradiations) and 1410 (47 irradiations), when their 
values reached and 33% control values, respect- 
ively, Further increase cumulative irradiation dosage 


Fig. Total cell counts: Number 
cells capable DNA synthesis 
and division; and number cells 
undergoing mitosis; bone mar- 
row (per after increasing cumu- 
lative radiation doses. Abscissa: 
radiation dose, Ordinates: cell 
counts (logarithmic scale). 


actually increased slightly the cell count, but initial 
control levels were not reached, Bone marrow known 
contain cell population which the 
DNA synthesis and cell divisions not proceed syn- 
chronously, Mitosis and DNA synthesis take place only 
small proportion the cells, within limited age- 
group either the white promyclocytes 
and myelocytes) red (proerythroblasts, basophilic 
macroblasts and basophilic erythroblasts) series, The 
curves presented show the changes total cell 
population (1), the absolute number young cells 
capable DNA-synthesis and division (2) and mitotic 
counts per bone marrow (3), throughout the period 
the present experiment, comparison these results 
clearly suggests that the sharp fall cell population 
the bone marrow took place mainly the expense 
mature cells, The sharp fall mitoses after irradia- 
tions was mainly responsible for the reduction the cell 
population bone marrow that period, The degree 
cell replacement naturally also depends in- 
creased number mitoses, 

RNA-P per cell was found above control levels 
most stages irradiation, the 210 dose level 
the RNA-P content per cell was about twice that con- 
trol, after further irradiation the values fell somewhat, 
but the cumulative dose 1410 the mean RNA-P 
content per cell was compared 5,3 
per cell were also observed the cumulative irradiation 
levels 900 and 1410 (30 and irradiations), when 
they reached 171 and 183% control values, respect- 

DISCUSSION 

The present study chronic irradiation once more 
confirmed the observation that spreading the 
tion dose over prolonged period markedly decreased 
the biological effect [8-12], This particularly evident 
from the survival rates and the results with the bone 
marrow reported above, evident from our earlier 
ports [13, 14] single irradiation with 1000 y-radi- 
ation from Co™ caused mortality rate 80-90 
mong rabbits within days irradiation, the time 
death the bone marrow those animals was com- 
pletely depleted, Within four hours irradiation DNA 
synthesis irradiated rabbits fell below 50% control 
values, shown our previous reports, after cumul- 
ative dose 1000 delivered rate per day, 
the animals survived and regenerative processes the 
bone marrow were evidence, that stage nu- 
cleic acid levels were 66%, and the phos- 
phorus-187% control values, those experiments 
rapid deterioration took place the cumulative dose 
levels 1600-1800 when the majority animals died, 

rule the deaths could ascribed the failure 
hematopoiesis, 

the present experiments, where daily doses 
only were employed, the animals withstood successfully 
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irradiation doses 2490 (83 exposures), and not one 
death occurred within 3,5 months, 

The analysis the present results reveals specific 
dynamic aspect the process, This particularly evi- 
dent from the consideration the cell counts and the 
content and turnover single cell basis, The re- 
sults show that the increased nuclear count per unit 
weight was not accompanied complete regeneration 
the entire organ, The fall liver weight and the 
liver total body weight ratio shows the incomplete 
nature such regeneration, Thus, despite the ab- 
sence any appreciable change the content per 
liver, there were considerable changes the cell 
contents both RNA and DNA, the bone marrow DNA 
and RNA content fell appreciably throughout the irradi- 
ation period, Since, however, the cell content 
did not differ from that control, must concluded 
that the results indicate depletion the bone marrow 
cell population, 

Prolonged chronic irradiation caused certain changes 
the observed rate incorporation into the 
both liver and bone marrow, With the irradiation rates 
and intensities employed, the rate synthesis 
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incorporation per 


cell, 1079 


Cumulative dose, 


Fig. Calculation results 
the single cell basis. 
tent per cell; Intensity in- 
corporation calculated for single, 
young, DNA-synthesizing cell. 
Mitotic counts per cent the 
cell population capable division. 


the bone marrow rose somewhat more steady man- 
ner than the liver, being either above, within the 
limits of, control values, DNA known synthe- 
sized only during limited stage the interphase 

the mitotic cycle [16, 17], was therefore expected 
that the increased rate incorporation into the DNA 
reflected increased incidence mitoses, Increased 
mitotic counts per unit cell population were actually 
detected bone marrow irradiation dose levels 
210, 420, and 630 while cumulative doses 
mitotic count fell below control levels (Fig. Irradia- 
tion with daily doses apparently caused intensive 
cell destruction, which was already apparent after 
and Continued irradiation cumulative 
dose 420 did not result any further fall total 
cell population (or the total number young cells 
capable DNA synthesis); this was possibly due the 
increased number mitoses (Figs. and bringing the 
cell destruction and regeneration processes equilib- 
rium. the bone marrow animals which had received 
900 the total mitotic count fell sharply, but DNA syn- 
thesis was quite intensive. 

Expression incorporation into DNA basis 
single DNA-synthesizing cell showed that this factor 
increased steadily after slight initial fall. While the 
increase DNA synthesis was accompanied parallel 
increase the number dividing cells, the mean DNA 
content single cell remained constant. fall the 
incidence mitoses, while the incorporation into 
DNA continued rise, was accompanied increase 
the mean DNA content per nucleus. Thus the dis- 
turbance the normal equilibrium between the DNA 
synthesis and cell division leads formation cells 
containing hyperploid amount DNA (these results 
are compared graphically Fig. 4). 

The sharp fall total cell population after cumu- 
lative dose 900 was, apparently, due mostly cell 
death, most probably because failure enter 
complete 19]. The situation was similar 
after cumulative dose 1410 

Further information about the mechanism, whereby 
the mean content per cell was increased, was af- 
forded the cytological examination bone marrow 
smears. After cumulative dose 900 and 1410 there 
was increase the proportion young cells the 
erythroid series (which are known rich nucleic 
acids [20]), where hyperploidy more frequently ob- 
served than the immature forms granulocytes. 
The increase the proportion erythroid cells is, ap- 
parently, due the raised tendency the red series 
towards regeneration, stimulated the bone marrow 
irradiation, 

However, should noted that further irradiation, 
with the resultant increase the cumulative dose, tend- 
restore the levels the mean nucleic acid content 
per cell near-normal values, with only slight de- 
crease erythroblast counts. This suggested the restora- 
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tion cell division and the reduction numbers 


cells containing hyperploid amounts The results 
thus suggest that cell division more sensitive radia- 
tion than the actual process DNA synthesis, and are 
agreement with the published results 19], 
Kelly [21] and number others [16, 22]. 

increase the mean DNA content per cell also 
took place the liver, where appeared due 
partially increased rate DNA synthesis (cumu- 
lative doses 420 and 630 r), and later low-level 
continuing DNA synthesis with simultaneous decrease 
the rate cell division, These results are agree- 
ment with those Forssberg [23], who observed in- 
crease the mean DNA content per cell irradiated 
ascites, where the number mitoses, well the 
DNA-P, were below normal levels. These data allow 
the conclusion that the liver the processes following 
irradiation are, comparable dose levels, similar 
those found the bone marrow. The comparatively long 
duration the cell division cycle the liver deter- 
mines the low proportion cell deaths; the main cause 
the fall cell numbers this tissue the inter- 
ference with cell division which, chronic irradiation, 
encompasses increasing numbers cells the time 
progresses, The present investigation thus showed that 
repeated irradiation with per day caused appreciable 
changes both the radiosensitive tissue bone marrow- 
and the relatively radioresistant tissue liver. More- 
over, the depression DNA and RNA synthesis more 
pronounced the liver, Yet the destructive changes were 
more pronounced the bone marrow. This was most 
probably due the very high rate cell division this 
tissue. 

There still remains the unexplained phenomenon 
the increased intensity nucleic acids turnover during 
chronic irradiation, theory the possible reasons for 
the increased DNA turnover result the chronic 
action deposited plutonium was advanced one 
our previous communications [7]. feasible that the 
same mechanisms are operative the case prolonged 
repeated irradiation, The increase DNA synthesis may 
due the primary effect radiation, the prod- 


ucts water radiolysis, leading the breaking hydro- 


gen bonds which bind two DNA macromolecules [24], 
may arise result accumulation and increased con- 
centration nucleic acid breakdown products [25]. The 
probability the latter hypothesis was strengthened 

the findings Fossberg [23] who showed that the resti- 

tution mitotic activity and the increase the number 
dividing cells ascites following irradiation occurred 


earlier the experimental animals were given DNA. The 


same author also showed that DNA molecules, their 
fragments, derived from radiation-killed cells, can pass 
into growing cells the ascites thus ap- 
pears that the intensified rate cell death, caused 
the irradiation rates and intensities employed, could 
itself provide indirect stimulus for the regenerative 


processes which were observed both biochemical and 
cytological 


Special mention due the question tissue ad- 
aptation high total cumulative radiation doses ad- 
ministered over prolonged There are already 
12, 19], apart from the present results, 
that tissues with high capacity for proliferation the 
dialy irradiation may bring about the appearance new 
cells with higher resistance ionizing radiation, 
which may affect the probability adaptation mecha- 
nisms the formation polyploid cells. 

The question the chemical stability and the bio- 
logical perfection the newly synthesized DNA mole- 
cules requires more careful consideration, and experi- 
mental approaches this problem are still wrought 
with considerable difficulties. 


SUMMARY 

The effect prolonged irradiation with per 
day the nucleic acids liver and bone mar- 
row has been The fractionation the irradia- 
tion dose over prolonged period was found decrease 
the biological effect. 

the liver the mean RNA and DNA phosphorus 
content per cell did not vary appreciably; the bone 
marrow considerable fall nucleic acid concentra- 
tion was observed almost throughout the entire experi- 
mental period. 

The mean DNA-P content per cell was markedly 
increased both the liver and bone marrow. 

liver, cumulative doses 420 and 2490 the 
rate incorporation into DNA was increased 2.2 and 
2.7 times, respectively. The specific activity the DNA 
was definitely depressed cumulative doses ranging 
from 900 1920 Changes the the RNA-P, 
although not pronounced, were the same direction 
those DNA. The specific activities both the 
RNA-P and DNA-P bone marrow were somewhat be- 
low control values the 210 dose level, and consider- 
ably elevated dose levels 420, 630 and 2490 

theory was advanced about the mechanism in- 
creased rates DNA synthesis and the changes mi- 
totic activity following chronic irradiation, believed 
that such reaction chronic irradiation confers upon 
the cells increased resistance radiation. 


The authors wish thank Bogatov and 
Korshunikova for the cytological and hematological 
work connection with this investigation, and 
Zakharova, Nazarova and Pestova for tech- 
nical assistance, 
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Chargaff and established that the bio- 
logical catabolism serine based its hydration 
acid, which decomposes spontaneously 
ammonia and pyruvate. These authors, and also 
simultaneously Binkley [2, 3], showed that serine de- 
amination number microorganisms actually pro- 
duced pyruvate. 

Although the deamination serine various in- 
testinal bacteria has been the subject special investi- 
gations [4, 5], similar work with dysentery bacteria has 
not, the author's knowledge, been reported. The 
present communication adduces evidence show the 
ability dysentery bacteria deaminate serine, and 
compares the properties serine deaminases intesti- 
nal and dysentery 


THODS 

The microorganisms used this work were the dys- 
entery strains Flexneri 4832 and Sonnei 9529, ob- 
tained from the Chair Microbiology, Rostov-on-Don 
Medical Institute, and strain Escherichia coli ob- 
tained from the Rostov Institute Microbiology, Epid- 
emiology, and Hygiene. 

Bacterial cultures were grown 37° for hours, 
medium prepared from dry nutrient agar the Insti- 
tute Microbiology, Epidemiology and Hygiene the 
Academy Medical Sciences the USSR. The bacte- 
rial mass was washed twice with distilled water the 
centrifuge order remove medium, ground the 
cold homogenizer with powdered glass and ex- 
tracted with M/15 phosphate buffer, 8.0. The cell- 
free extract thus obtained was used enzyme 
some experiments the cell-free extracts were prepared 
extraction protoplasts prepared cell lysis with lyso- 
Cell acetone powder was incubated min 
37° with 1.5-2 lysozyme M/15 phosphate 
7.0. The protoplasts were then removed centrifu- 
gation and the supernatant was used the enzyme 
source. 

Incubation mixtures (control) the 
bacterial extract, corresponding 30-40 protein 
and M/15 phosphate buffer, 8.0. DL-serine (10 mg) 
was added the first test mixture, while others con- 
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tained, apart from serine, glucose ATP. Re- 
actions were allowed proceed for hours 37°, and 
were stopped the addition 20% TCA. 

Serine deaminase activity was assayed the ap- 
pearance pyruvate,which was determined the DNP- 
hydrazone [5], follows: the protein-free filtrate 
the reaction mixture was added 0.1% solution 
2.5 NaOh. The red color the pyuvate 
DNP-hyrazone was measured FEK-M colorimeter 
with green filter. 

Color intensities were translated into pyruvate con- 
centrations the use standard pyruvate curve. 


RESULTS AND DISCUSSION 

Some properties serine deaminase coli. 
experiments with cell-free extracts Coli, incuba- 
tion mixtures containing DL-serine were found pro- 
duce times the amount puruvate produced 
control mixtures (without serine). The addition glu- 
cose greatly enhanced serine deamination, but ATP was 
without effect (Table 1). 

The results obtained can better understood the 
light published work the various pathways glu- 
cose metabolism some microorganisms. Thus num- 
ber authors [6-8] found that various strains Pseudo- 
monas catabolized glucose both the glycolytic path- 
way and direct oxidation through 2-ketogluconate, 
without phosphorylation. would appear that the 
present experiments glucose was catabolized this 
latter pathway, while the glycolytic route, with the use 
ATP, was Therefore serine deamination the 
cell-free used was taking place the 
expense direct glucose oxidation. 

Serine deamination the cell-free extracts 
coli was also studied over range (7.17, 7.38, 
7.73 and The 8.04 was found optimal 
for this reaction. The activity serine deaminase was 
also found fully recoverable after acetone treat- 
ment, 


preparation was kindly provided 
Professor 


TABLE Pyruvate Formation (as 
Hydrazone) the Deamination 
Serine Cell-Free Preparations 
Escherchia (in per test). 


Test incubations 


serine 
glucose 


serine + 
ATP 


Control 


serine 


140 
24,3 


Some the growth media were reinforced with 
serine concentrations mg/ml. Serine deaminase 
assays cell-free extracts prepared from bacteria grown 
serine-enriched medium showed that the addition 
had effect the activity levels, Serine deaminase 
thus not adaptive enzyme coli, 

two experiments the acetone preparation 
coli was treated with lysozyme [9]. 

Activity assays, pyruvate formation from serine 
(in produced the following results; 


Test incubations 
Control 


incubations serine serine glucose 


120 


642 
408 


follows from the above results that ex- 
tracts lysozyme-lysed coli deaminated serine in- 
tensively, and that the reaction was enhanced the 
presence glucose. 

comparison the latter result with that presented 
Table tends suggest that the activity serine 
deaminase lysozyme-lysed coli extracts was higher 
than extracts prepared mechanical disruption, al- 
through the former preparation the enhancement 
the activity glucose was less pronounced. 

The effect lysozyme Gram-negative bacteria 
membrane. the present experiments the effect lyso- 
zyme was liberate serine deaminase, which known 


intracellular Furthermore, the specific 
activity serine deaminase the lysed cell extracts, 
was approximately eight times that the extracts pre- 
pared mechanical disruption. Thus, the extracts 
lysed cells the protein content the sample taken 
for incubation was and mg, respectively, two 
separate experiments, while the extracts ground 
cells the protein content similar sample was 30-40 
mg. 


TABLE 
per test) Cell-Free Extracts Flexneri 


Pyruvic Acid Formation from Serine (in 


Test incubations 


serine 
serine 
glucose 


240 210 


Control 
incubations 


serine ATP 


The demonstration serine deaminase dysentery 
bacteria. extracts dys. Flexneri were 


found deaminate serine actively. Thus while con- 
trol incubations pyruvate production per test ranged 
from the presence serine 240 371 
pyruvate per test was produced. The activity was 
greatly enhanced the addition ATP, but not 
glucose (Table 2). 


The addition ATP the incubation mixtures 
containing serine caused the synthesis 620-767 
pyruvate per test, that is, two three times the amount 
formed the presence serine alone. This suggests 
that bacillus glucose catabolism takes place 
through the glycolytic pathway, with the participation 
ATP, and that the energy requirements serine de- 
aminase are supplied glycolysis. 


The effect ATP concentration the intensity 
serine deamination cell-free extracts 
bacilli was then studied (Fig. 1). 


will seen from the figure that the addition 
ATP the incubation mixture increased pyru- 
vate production 720 Further increase ATP con- 
centration and per test produced maximal 
amount 810 pyruvate. Under the present experi- 
mental conditions the system was thus saturated with 
ATP the level per test. 


Serine deaminase assays with cell-free extracts 
Sonnei produced the following results (expressed 
pyruvate produced per test incubation); 


Test incubations 


serine 
serine 
lucose 


276 210 


Control 
incubations 


serine ATP 


312 
366 
408 


*Lysozyme-lysed cell extracts 


620 
288 270 720 
354 
282 270 
396 378 
4 
803 


420 


Pyruvic acid, 


8) 

ATP, 

Fig. The effect ATP con- 

centration serine deaminase 

dys. Flexneri. 


Extracts Sonnei thus actively deaminated 
serine. Pyruvate formation incubation mixtures con- 
taining serine was about times that control mix- 
tures. The addition glucose the cell-free extracts 
did not affect the reaction, ATP had definite effect, 
but the stimulation was half intensive with the 
cell-free extracts Flexneri. 


Serine deamination pyruvate was demonstrated 
cell-free extracts Flexneri 4832 and 
Sonnei 9529. 

Serine deamination cell-free extracts coli 
was stimulated glucose, while similar extracts 
Flexneri and Sonnei the reaction was stimu- 
lated ATP. 


Lysis coli and the dysentery bacteria 
lysozyme produced extracts with considerably higher 
specific activities serine deaminase than did mech- 
anical cell disruption. 

Glucose catabolism coli was found proceed 
through the direct oxidative pathway, while the two 
dysentery bacteria studied the glycolytic pathway 
operated, 
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spite the great number methods worked out 
detail for qualitative and quantitative determination 
amino acids mixtures, they cannot always satis- 
factorily used, 

Thus, the most popular method used the present 
time for qualitative determination amino acids, paper 
chromatography with development ninhydrin, isatin, 
other reagents, spite number especially 
important positive characteristics, has two serious de- 
ficiencies. the one hand, its use does not assure 
sufficiently strict identification the amino acids and 
their differentiation from each other when the values 
are close. This particularly important studying 
hydrolyzates antibiotics, which often encounter 
small distribution amino acids and sometimes very 
similar values those the acids, 
the other hand, the difficulty preparative separa- 
tion the amino acids their derivatives paper 
chromatography makes difficult their exact identifica- 
tion, determination their configuration angle 
rotation, etc. The most widely used quantitative methods 
for determining amino acid composition (quantitative 
paper chromatography, distributive chromatography 
starch, ion exchange chromatography, gas-liquid chro- 
matography amino acid esters, and others) also have 
deficiencies and are not suitable all cases, Most 
these methods permit separation only very small 
mounts amino acids, which also prevents their use 
for preparation the pure substances. Some the 
methods mentioned (for example, ion exchange chroma- 
tography) cause considerable loss and very 
care ful observation reaction conditions, especially 
the use perfectly standard adsorbents, 

connection with our systematic study the 
method counter current distribution decided 
study the conditions its use for quantitative deter- 
mination and preparative separation amino acids 
their characteristic derivatives, from mixtures amino 
acids, especially from antibiotic hydrolyzates. 

known, the separation amino acids 
counter current distribution made difficult their 


poor solubility organic solvents which not mix 
with water, and rule requires large number 
decided study chiefly the separation 
the 2,4-dinitrophenyl derivatives (DNP) amino acids. 
These attracted our attention for number reasons. 
First, the form free acids they are well soluble 
many organic solvents, and salts, water (this makes 
the choice system solvents much easier, and 
second, the presence them definite absorption 
maximum the ultraviolet 253 and their yellow 
color makes their quantitative determination solution 
The high optical activity DNP-amino acids 
permits carrying out determination the configura- 
tions the amino acids; also, the DNP-amino acids are 
quite stable. 
EXPERIMENT 

Obtaining pure samples DNP-amino acids. 
nitrophenyl derivatives have been described for almost 
all the common amino acids [1-6]. They are easily ob- 
tained the action 2,4-dinitrochlorobenzene 
amino acids according Abderhalden [1] with 2,4- 
dinitrofluorobenzene according Sanger [2]. Since 
were not interested carrying out the reaction under 


mild conditions, worked with 2-4-dinitro- 


chlorobenzene, carrying the reaction for eight hours 
with excess After recrystalliza- 
tion from aqueous acetic acid, most the DNP-deriva- 
tives were obtained analytically pure form. The con- 
stants and analytical data for the products are given 
the table. However, recrystallization did not always 
give sufficiently pure preparation (for example, the 
case test the purity DNP-leucine 
obtained curve the method counter current 
distribution (Fig. which showed the insufficient purity 
this preparation. removal the substance from 
the tube near the maximum obtained preparation 
with sufficient degree purity, was shown the 
curve counter currentdistribution given the same 
figure. 

Selection phase system. Based our previous 


experiments the partition isomers chlorobenzoic 


805 


Characteristics the DNP- Derivatives Amino Acids 


acid 


ture 
152 [6] 
205 


206 


[4] 
[3] 


alanine 
butryic acid 143 [4] 


178 
172—173 [3] 


183 [3] 

184 


alanine 


first tested the system butanol-phosphate 
buffer solutions with varying pH. However, independent 
the value the water phase, the DNP-amino 
acids studied were found the light phase, The same 
result was obtained when the buffer solution was re- 
placed and even 0.1 NaOH. Thus 
was shown that the use butanol the light phase 
impossible. Better results were obtained when butyl 
acetate was used the light phase and aqueous buffer 
solutions with different values were used the heavy 


Melting point 


from our 


result 


Elementary analysis 


calculated, found, 


143,5 


this sytem small changes strongly affected 
the value and, would expected theoretically, 
there was linear relation between the value and 
the logarithm the distribution coefficient (Fig. 
2). Fig. shows, there great difference between 
the distribution coefficients the DNP-derivatives 
different amino acids which permits continue the 
attempt separate them the method counter cur- 
rent distribution. For the solution this problem was 
necessary have direct experiments the distribution 
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mixtures with known composition. 
0,15 


0,10 


mmole/ml 


0,05 


No. compartments 


Fig. Distribution curves DNP-derivative leucine obtained 
from the ordinary form the from the amino 
acid purified counter current distribution (2). Theoretical 
curve; scale mmole/ml for curve 1); (amount substances 
each compartment) for curves and 
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Colorimetric determination 2,4-dinitrophenyl 


derivatives a-amino acids, Even after the choice 
the solvent system and determination the distribution 
was found that the water and butyl ace- 
tate solutions DNP-amino acids the same concen- 
tration had different extinctions, and, the other hand, 
the same extinction corresponded water and butyl 
acetate solutions different substances. 
was also shown that neither water nor butyl acetate 
solutions obeyed Beer's Law completely. Therefore, for 
exact determination the DNP-amino acid concentra- 
tion was necessary have for each amino acid two 
calibration curves, and the exact determination the 
content the substance could obtained only within 
definite limits concentration. example give 
Fig. and the calibration curves for butyle 
acetate and water solutions some dinitrophenylamino 


acids. 
Using the calibration curves from Fig. and 


can determine from the intensity color the 
butyl acetate and water solutions the content amino 
acids with sufficient degree accuracy. practice, 
however, most experiments proceeded somewhat 
differently for the construction distribution curves. 
the end the experiment added each com- 
partment 10% that the DNP- 
amino acid was transferred practically completely into 
the butyl This permitted determination the 
content each compartment colorimetric deter- 


mination the light phase only. 
Course the experiments, The experiments 


counter current distribution were carried out modi- 
fied apparatus the firm Towers and apparatus 
constructed Avgul, Baikina and Khokhlov [8]. De- 
pending the problem, carried out from 
225 transfers, The treatment the results was 
carried out the method described previously 


4 
DNP-amino acids value the 


water phase the system phosphate 
buffer (1/15 M)-butyl acetate. 
DNP-threonine; DNP-glycine; 
a-DNP-alanine; 
butyric acid; DNP-valine; 6)DNP- 
-di- DNP-aminobutyric acid. 


RESULTS 


studied the distribution the dinitrophenyl de- 
and y-diaminobutyric acid, valine, leucine, nor- 
leucine and threonine, and 
found that over sufficiently wide interval concentra- 
tions all these substances were distributed accord with 
the theoretical calculated curves, The experiments 
distribution artificial mixtures dinitrophenyl derivi- 
tives different amino acids showed that the case 
amino acids differing more than one methyl group 
could carry out good separation their DNP-deriva- 
tives even with comparatively small number trans- 
tribution the ternary mixture dinitrophenyl deriva- 
tives glycine, acid, and leucine, and 
Fig. valine, and norleucine. For the 
characteristics the accuracy the method can 
note that the first case the distribution the model 
mixture these substances determined respectively 
106, 101, and 104% the amount introduced. The slight 
excess over 100% can explained the use techni- 


Fig. Calibration curves for definite contents dinitro- 
phenyl derivatives some &-amino acids butyl ace- 
tate and 1/15 phosphate buffers B), 5.4. 
DNP-glycine; &-DNP-alanine; DNP-valine. 


No. compartments 


Fig. Distribution mixture dinitrophenyl derivatives 
acids between butyl acetate and 0.2 phosphate 
buffer, 6.9. amount substance each compartment; 
theoretical curve; x-x-x experimental curve; DNP- 
glycine; a-DNP-aminobutyric acid; 
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No. compartments 


acids between butyl acetate and /15 phosphate buffer. 
phosphate buffer 7.0; DNP-valine; DNP- 
-DNP-alanine; DNP-aminobutyric acid; DNP-valine; DNP- 


leucine. 


cal butyl acetate, which yellowed slightly during the 
experiment. 

work with large number transfers (on the 
order 200-225) made satisfactory separation 
aminobutyric acid, valine, and leucine (Fig. 5). 


SUMMARY 
The method counter current distribution can 
used for separation dinitrophenyl derivatives 
amino acids, they are present comparatively small 
amount.It permits determination with sufficient accura- 
the ratio different amino acids and the isolation 
the separate dinitrophenyl derivatives. 
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our previous work the structural proteins 
smooth muscle dog stomach [1-3] established the 
presence obvious difference between them and the 
structural proteins muscle the same ani- 
mal, This difference was observed study the curves 
salting out the salt extracts from muscle with solutions 
different concentrations the method 
Derrien-Snellman 

When salted out extracts obtained from smooth 
muscle found the precipitation curves two pro- 
teins (appearance two did not precipi- 
tate from extracts striated muscle. The first these 
proteins had the properties the second 
was still not identified. 

the literature there described the presence 
actin peak salting out the contractile 
protein complexes obtained precipitation with ten- 
fold dilution with water the salt extract muscle 
from the esophagus [6] and muscle from the uterus [5]. 
[2] also made analogous observation the ap- 
pearance actin peak salting out repeated 
precipitations the contractile complex proteins 
from dog stomach muscle. 

the present work have set ourselves the prob- 
lem establishing some characteristics the particular 
salting out curve which found for the structural pro- 
teins dog stomach also for the structural proteins 
smooth muscle (stomach) warm blooded animals 
general, the same time wished explain the 
presence absence observed differences salting 
out the smooth muscle proteins animals belonging 
different classes and orders the warm blooded animals. 

our first work, removal the structural proteins 
muscle was carried out with 0.5 KCl, without pre- 
liminary removal the globular proteins. This could 
distort the salting out curves, since the globular proteins 
and also the protein enzymes found the group myo- 
gen begin salt out concentrations above 30% satu- 
ration with The present work should 
test the size such effect and establish its possibility 
preliminary removal globular proteins from the 
muscle homogenate. 


MATERIALS AND METHOD 

studied stomach muscle ground meat 
grinder cut hand (with scissors) from dogs, pigs, 
rabbits, and cows (all four parts the stomach 
ly), pigeons, chickens and man. The number experi- 
ments carried out with each the samples was respect- 
ively 3,4,5,4,2,3,3. The stomachs dogs, rabbits, 
pigeons, and chickens were removed immediately after 
killing the animals the laboratory. The cow and pig 
stomachs were obtained from the city slaughter-house 
from freshly killed animals. The healthy portion 
human was taken from patients suffering from 
round ulcers the stomach immediately after resection. 

All the manipulations the treatment were carried 
out with careful cooling the material. After removal 
foreign tissue (mucous, serous, fatty, etc) and minc- 
ing, the muscle homogenate was extracted with 0.05 
most the globular proteins (5-6 per 
tissue). After day the liquid was filtered through 
linen, and the mince was treated with five volumes 
Extraction the structural proteins smooth 
muscle continued for 1-2 days. The salt extract, filtered 
through linen and freed from chance particles tissue 
centrifuging, was dialyzed against the same buffered 
solution 0.5 remove the low molecular 
weight substances, and then was studied. 

series test tubes [29-30] was placed 
protein the first tube, which served the 
control, was poured 0.5 the remain- 
ing tubes poured mixture saturated room 
tion. The concentration was progressively 
raised and included the region from 70+75% satura- 
tion (final concentration). After careful mixing, the 
tubes stood overnight room temperature. The precipi- 
tate was removed filtration and the optical density 


our work [11]. 
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the filtrate was determined 278 SF-4 

The results the measurements were expressed 
the form “salting out which laid out 
the abscissa the salting out concentration 
expressed percent saturation the solution (C). 
the ordinate was laid out the value where 
the change extinction with change concentra- 
tion (AC). The calculation was carried out 
for each adjacent pair experimentally found points. 
Since the initial samples extracts most cases were 
opalescent, not permitting quantitative determination 
the value light absorption the proteins, did 
not try express the curve the form percent change 
extinction with rising concentration 
was done Snellman and Tenow [5]. 

all the experiments determined the content 
protein the extracts (modificd Conway method). 
most the studies the protein concentration the 
solutions for salting out was brought 0.6-0.9 N/ml 
the corresponding dilution with 0.5M KCL. 


RESULTS AND DISCUSSION 

Fig. give the separate experiments with 
salting out the salt extracts stomach muscle 
humans, pigs, pigeons, and rabbits, The forms the 
curves have considerable similarity. The number 
peaks them and the distribution 
much alike, 

For comparison all our material have drawn 
Table which for each our animals have 
given the average values for distribution the peaks, 
expressed the form percent saturation 
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Fig. Salting out curves structural proteins 
stomach muscle. Human; rabbit; 
pig; pigeon. concentra- 
tinction (AS) with change concen- 
tration. 


average height each peak, expressed the form 
and dispersion values for each peak. 

When compare the experiments made 
animals, find peak actin present the salting 
out curves all some animals the zone 
salting out actin note the appearance two peaks; 
the more constant one, found all the animals without 
exception, lies between 12-16% saturation 
and the less constant lies between 18-23% saturation. 
The latter peak the experiments birds (pigeon, 
chicken), where occurs 23% saturation 
would seem due the salting out another pro- 
tein which appears 25% saturation. However, 
chickens, this latter protein gives independent salting 
out peak. Therefore refer the protein which precipi- 
tates 23% saturation the group actin-like pro- 

The observed actin peak the salt extracts 
smooth muscle all our warm blooded animals in- 
dicates that characteristic component the 
curves salting out smooth muscle general, and 
not peculiarity the smooth muscle dogs. 
can also accept this the basis the literature data 
the contractile protein complexes smooth muscle 
pig esophagus, human uterus, and dog stomach [2,5, 

impossible estimate the amount actin 
the smooth muscle extracts solely from the value 
optical density, because the presence the pro- 
tein extracts cloudiness, which sometimes consider- 
able (dog, pig, cow). This cloudiness, which disappears 
when the actin salted out, simulates strong absorp- 
tion 278 because light scattering. 

The protein salted out the zone salting out 
actin (according the literature, between 10-20 
saturation certainly not homogene- 
ous. This indicated the frequent appearance 
second salting out peak: along with the peak 12-16% 
previous work [2] noted abundant inactive pro- 
tein the actin preparations isolated from smooth 
muscle salting out, which indicates the contamination 
actin other proteins. Whether this denatured 
actin independent protein smooth muscle, with 
similar salting out properties those actin un- 
known. 

the salting out curve for humans, dogs, rabbits, cows, 
and chickens. would hardly right identify 
solely its zone salting out. the literature the 
proteins striated muscle there are some still poorly 
studied the corresponding zone 
concentrations; the protein Amberson 
and co-workers [12] and the protein isolated Villa- 
franca [13]. their properties these proteins have 
general resemblance tropomyosin B[6], but they differ 
strongly from its zone salting out (Table 2). They 
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TABLE Zone Salting Out Different Structural Proteins Muscle 


Percent saturation 


Protein 


[6], 9—20 [1] 
protein” [12], 18—24 [13] 


Tropomyosin 

(paramyosin) 
Myosin 


28—40 [15] 
32—33 [17], 


L-Meromyosin 
N-Meromyosin 
Tropomyosin 


Nucleotropomyosin 


Tsao protein [30] 


literature data 


28—32 [5], [18], 
45—55 [5], 42—45 [23], 
[26], [27], 55—64 [5], 48—55 
[19], [29], 64—70 [5] 


data our 
work 


12—16 
35—37 
40—43 
[22] 45—48 

59 ce 
| 92-—96 
65—69 


The literature sources cited [19, 26, 27] related study the proteins-of 
fish muscle; [5, 14, 15, 17, 24] the proteins mollusk muscles; [28, 29] different 


vertebrates and invertebrates. 


the other sources cited there were studies muscle 


proteins from muscles mammals; striated, cardiac, and smooth. 


stand much closer salting out properties the tropo- 
myosin mollusks which evidently identical with 
paramyosin, The presence paramyosin vertebrate 
muscle has not hitherto been described. 

Ivanov and co-workers [16] found myofibrils ob- 
tained from smooth muscle large amount protein 
fraction ("extra obtained foreign authors), 
that is, protein not belonging actin, myosin, acto- 
myosin. can assume from these results that the 
smooth muscle protein salted out 25% saturation 
one the components this fraction. 

the pigeon this peak shifted 28% saturation 
thus falling the zone salting out 
However, the pigeon there peak 
33% saturation which evidently actomyosin. There- 
fore the peak 28% saturation evidently 
the peak 25% saturation the other animals. The 
size the peak 25-28% saturation 
quite large: varies around the value 0.020. 
consider that the protein which precipitates this 
saturation can consist considerable degree 
the protein Amberson which has very low specific 
absorption 278 [12], then can speak very 
considerable content smooth muscle protein 
which precipitates 25% saturation. 

all the animals studied there was always present 
peak salting out 29-33% saturation 
This peak corresponds the peak the actomyosin 
striated muscle, Table shows. Since the salt extract 
smooth muscle shows decreased viscosity after ATP 
addition which characteristic for actomyosin [31], 
must think that this peak 29-33% saturation actually 
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corresponds with the precipitation the actomyosin 
smooth muscle. judge the height the peak 
salting out, there considerably 
smooth muscle than striated. The experiments 
Ivanov and co-workers, carried out entirely dif- 
ferent method [16] also indicates this. 

From two three small peaks fall the zone 
salting out myosin, and H-meromyosin (35-50% satu- 
ration Table 2), More exact identification 


005 


Fig. Salting out curves structural proteins 
from the muscle different portions cow 
stomach. rumen; abomasum; reticulum; 
psalterium. Designation axes the same 
Fig. 
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TABLE Average Heights Peaks (-AS /AC) Fractional Salting Out Extracts 


(0.5 KCl) from Dog Stomach Smooth Muscle after Preliminary Extraction 0.05 


KCl and without 


Extracted 
material 


Preliminary ex- 


Salting out concentrations saturation 


KCl 


ary extraction 


*Solution opalescent, 


the separate peaks with definite proteins impossible 
the present time. The same can said the peaks 
the zone tropomyosin and nucleotropomyosin (50- 
saturation). The presence this zone 
several peaks indicates that within these limits several 
individual proteins are salted 

When considered the salting out curves for the 
different sections the cow stomach experiments), 
could not find any notable difference (Fig. 2). Evi- 
dently the structural proteins cow muscle are quali- 
tatively the same. there are small differences their 
quantitative composition, they are not great enough 
determined our method, can observe that 
parallel studies the most similar salting out curves were 
found for the psalterium and the reticulum, The curves 
with extracts from the rumen and the aboma- 
sum differed somewhat greater possible 
that study more material would lead clearer dif- 
ference between the musculatures the functionally 
different division ruminant stomachs. 

Certainly only the accumulation much more 
material will permit solution the question species 
differences between the salting out curves structural 
proteins from smooth muscle different warm blooded 
animals. However, seems that some marked 
tendencies can found even now. Among these 
should mention the rareness doubling the peak 
actin the dog (counting also the experiments published 
earlier; more than experiments all); the absence 
small size the salting out peak 25% 
saturation the pig; the shift distribution the acto- 
myosin peak 32-33% saturation (instead 29% satu- 
ration) cows and pigeons. The fact observed this 
work the constant appearance the salting 
muscle structural proteins different warm 
blooded animals peak for actin and proteins 
which precipitate 25% saturation, rela- 
tion the small size the peak for actomyosin gives 
characteristic difference the curves obtained with 
smooth muscle extracts from the curves given ex- 
tracts striated muscle. 

order explain the effect the course the 
salting out curves preliminary extraction the 


muscle tissue with weak (0.05 M), compared 
(Table the maximum obtained the salting out peaks 
experiments with preliminary extraction the tissue 
and experiments with muscle extracted directly with 
0.5 The latter experiment was taken from the 
work which published before [1]. 

known, the first three peaks correspond tosalt- 
ing out actin, unknown protein, and actomyosin and 
have about the same size both series experiments. 
Evidently globular proteins are not mixed with proteins 
which precipitate out concentrations less 
than 34-35%. Beginning with the peak 34-35% satu- 
ration and higher concentration admix- 
tures precipitating globular proteins are combined 
with the precipitating structural proteins the muscle. 
Judging the data Table dogs the peaks 34- 
35% and 37% saturation consist consider- 
able degree globular proteins the 
Judging the salting out picture, the smooth muscle 
the dog stomach there especially little structural 
protein (not extracted 0.05 Cl) which resembles 
free myosin (salted out 40-42% saturation). 

When the salting out curve structural proteins 
studied all parts, necessary first extract 
the muscle with solutions small ionic 
the isolation direct salting out actin, actomyosin, 
and other components the muscle fibril which pre- 
cipitate concentrations less than 34-35% 
saturation, here the preliminary extraction with weak 
salt solution (0.05 KCl) can evidently omitted, 
Exactly the same results are obtained experiments 
with cow stomach muscle. Corresponding experiments 
with extracts from the stomach muscle the other ani- 
mals were not carried out, 


The salting out curves for the structural proteins 

smooth muscle (stomach) various species warm 
blooded animals have great similarity. the salting 
out curves extracts from smooth muscle all the 
warm blooded animals studied was clear peak actin, 
absent curves obtained with extracts striated muscle. 
most the animals the zone salting out actin 


813 


two peaks appeared. For the extracts from smooth muscle 
the presence protein which precipitated 25% 
saturation was characteristic. various species 
animals different salting out peaks were shifted rela- 
tive each other several percent satu- 
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Recently, various microorganisms have been widely 
used for study the path porphyrin biosynthesis 
the living cell [1-3]. some species microbes 
easy produce disturbances porphyrin metabolism 
which recall definite respects the state 
macroorganisms, Such species are fortunate model 
objects for study pathologies porphyrin metabolism. 

The state yeast organisms was 
first described Fischer and co-workers [4]. His experi- 
ments showed that various strains the species Sac- 
charomyces ellipsoideus, and Torula (Min- 
eralhefe) under conditions culturing accumu- 
late isomers coproporphyrin the Dis- 
turbance porphyrin metabolism the yeasts was con- 
nected with vitamin deficiency the Such 
connection was clearly shown, for example, the work 
Stich and Eisgruber [5] who were able prevent the 
the strains introducing riboflavin 
into the 

Although, depending experimental conditions, 
preparations autolyzing yeasts can form both isomers 
porphyrin [6], the accumulation coproporphyrin III 
not characteristic for the yeast organ- 
isms, and now has been found chiefly bacteria. 
Recently [7] found cultures the asporogenic 
yeast Candida guilliermondii accumulation 
large amount isomer coproporphyrin This species 
reason for the disturbance porphyrin metabolism must 
different than However, the work 
cited they were not characterized 

The purpose the present work was more detailed 
study the nature the factors which permit the oc- 


METHODS 
The experiments were carried out with cultures 
guilliermondii (ATCC-9058) obtained from the col- 
lection the Institute for Microbiology, Academy 
Sciences, USSR. For its growth used medium with 


the following composition (in liter); sucrose, 20.0 
0.5 0.3 KI, 0.1 mg; 
Mohr salt, 125 mg; biotin, Burkholdermicro- 
element mixture [8]. For creating accurate con- 
centration, the medium was first purified with 8-hydroxy- 
quinoline according Waring and Workman 
necessary the sucrose solution was freed from vitamins 
with activated charcoal, The yeast was cultured 30°. 
Its yield was determined turbidimetrically, and the con- 
tent riboflavin the medium was determined fluoro- 

Coproporphyrin was extracted from the medium 
cording from the cells mixture 
glacial acetic acid-ether (1:2) with later washing 
pigment into HCl. 

The porphyrin concentration was determined 
SF-4 Calculations were carried out 
the formula Rimington and Sveinsson [11]. All the 
experiments were repeated four times. 


RESULTS THE INVESTIGATION 

the work established that under conditions static 
culture the medium with glycine the yeast practical- 
completed growth after 3-4 days incubation 
(Table 1). Young, multiplying cells did not contain 
marked amount coproporphyrin,and the same time 
already considerable amount riboflavin was isolated 
the medium, 

The intensity formation coproporphyrin rose 
the 4-7 day incubation, and further aging 
the culture the content porphyrin changed 
ly. Parallelism between the intensity accumulation 
riboflavin and porphyrin cultures different ages 
was not the basis these results, all further 
experiments determined the coproporphyrin content 
seven day old yeast cultures, 

Effect aeration conditions, The yeast was grown 
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TABLE Synthesis Coproporphy- 
rin and Riboflavin Cultures the 


Yeast guilliermondii Different 
Ages 


Concentration 


riboflavin 
2,07 4,95 150 
3,06 111,9 445 


*Here and the following use the 
dry weight the 

calculated the riboflavin the 
medium. 


the flask) two variant experiments: one variant 
the flask was placed thermostat (static culture) and 
the other, horizontal shaking machine (130 os- 
cillations per The static culture remained the 
thermostat until the end the experiment. the 
aerated culture after hours incubation was added 
sterile solution glycine (10 mg/flask) and some 
the flasks were again placed the The cells 
with the medium were transferred from the remaining 
flasks presterilized 50, 100, and 500 Erlenmeyer 
flasks which were then placed the thermostat for 
further culturing the yeast which was already the 
inactive state. After seven days growth, counted from 
the day seeding the medium, all variants the ex- 
periment were analyzed. 

The results these experiments are given Table 

These results show that the greatest amount 
coproporphyrin synthesized only cells grown 
static cultures. Their aeration was harmful, since part 
the yeast multiplied the bottom the flask, under 
the layer liquid. The cells which grew the surface 
the medium, film, usually after 3-4 days cultur- 
ing sank into the liquid and settled the bottom. 


Conditions culturing the yeast 


Full time thermostat 
hrs shaker, then inthermosta 


The same 
The same 
Full time shaker 


TABLE Effect Conditions Aeration the Cultures Growth and 
Synthesis the Yeast guilliermondii 


Vol. med. 


surface east, 


The yeast grown under conditions constant shak- 
ing and aeration the the shaker, even after 
the flask had been transferred the thermostat accumu- 
lated little The thicker the layer 
culture liquid the flask (lower ratio volume/ sur- 
face) the less was the very probable that 
pigment synthesis was carried out small amount 
yeast grown after transfer the culture into the thermo- 
stat, and that the guilliermondii thus 
occurred only under relatively anaerobic conditions. 
With worsening aeration the medium, the growth 
the yeast also 


The effect aeration coproporphyrin synthesis 
was also clearly shown the case growth the 
yeast agar medium, where accumulation the 
pigment was 


Effect source nutritive nitrogen, these ex- 
periments studied the effect source the nitrogen 
which contained its nitrogen source either 

liter) with individual amino acids added amounts 
equivalent the nitrogen 2.0 per 
liter, From the results these experiments (Table 
clear that accumulation coproporphyrin 
guilliermondii cultures occurs only the presence 
organic nitrogen the medium. 


The synthesis coproporphyrin particularly 
strongly stimulated glycine, serine, and asparagine; 
more weakly threonine; histidine and methionine are 
ineffective. The effect other amino acids the 
synthesis coproporphyrin was determined qualitatively 
visual observation the fluorescence the cells 
and medium ultraviolet light. was shown that 
glutamic and aspartic acids (the first strongly, the sec- 
ond more weakly) permit formation 
did not find red fluorescence the cells medi- 
the presence alanine, valine, leucine, iso- 
leucine, arginine, lysine, phenylalanine, tryptophan. 

Synthesis coproporphyrin was also stimulated 
mixture organic substances such malt extract 
(151 porphyrin/g), yeast autolyzate and 
vitamin free casein hydrolyzate (33 interest- 


Conc. co- 


Yield proporphyrin, 


medium mg/ml ug/g cells 
1,86 326 


5,56 
0,43 6,40 7,6 
7,28 1,3 
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TABLE Effect Source Nutritive Nitrogen 
Growth and Synthesis Coproporphyrin the Yeast 
guilliermondii 


Source Yield 


nutritive 


Concentration 
coproporphyrin, 


2.2 
glycine 2.9 


serine 63.5 
threonine 10.5 
asparagine 43.1 
histidine 


methionine 


ing see that addition succinic acid the medium 
also increased formation coproporphyrin (63.8 g). 
The simultaneous action succinic acid and glycine 
was weaker (115.5 than the effect glycine alone 

Carrying out intensive biosynthesis porphyrin 
required high concentration amino acids the 
medium, When the glycine content was decreased 
0.1-0.5 formation coproporphyrin was 
decreased (to 20-30 respectively). 

Effect vitamins, Since the yeast guillier- 
mondii auxotropic with respect biotin, our basic 
medium contained this substance. Other vitamins the 
group were added the medium get concentra- 
tions for thiamine, pantothenic acid, and pyridoxine, 
0.5 mg/liter; nicotinic acid, 1.0 mg/liter; inositol, 
mg/liter. Under these conditions growth and synthesis 
coproporphyrin the yeast guilliermondii was 
changed follows: 


Yield Coproporphyrin 


Vitamin added 


Biotin 

Biotin thiamine 167.3 
Biotin pantothenic acid 101.4 
Biotin pyridoxine 
Biotin nicotinic acid 
Biotin inositol 


clear from these data that three vitamins 
the group strengthen the synthesis coproporphyrin 
yeast. These are thiamine, which the most 
ive, and also pantothenic acid and nicotinic acid which 
act with the same intensity, None the vitamins pre- 
vents the yeast. the 
vitamins not show any marked effect the growth 
guilliermondii. 

Effect iron concentration, special series 
experiments measured the iron content the medi- 
within the limits those concentrations which had 


medium, 


notable effect growth and riboflavin synthesis 
guilliermondii 13]. determined both the 
coproporphyrin and riboflavin excreted the yeast in- 
the medium. The results this series experiments 


were follows: 


Yield 
yeast, 
mg/ml 


Coproporphyrin Riboflavin 


0.010 
0.060 
0.125 
0.200 
0.500 


These data indicate the important role iron 
regulating the synthesis Actually, 
low concentrations iron the medium 
g/ml) when guilliermondii carries out the 
synthesis” riboflavin with great intensity, the cultures 
form very little Only when the cells are 
assured sufficient iron (indicated growth the bio- 
mass) does the yeast syntehsize much coproporphyrin, 
and then the intensity riboflavin synthesis decreased. 
Thus, there antagonism between these 
showed earlier, addition medium which contains 
0.125 Fe/ o-phenanthroline salts cobalt 
also causes sharp fall synthesis copropoprhyrin. 
These compounds strongly stimulate formation ribo- 
flavin guilliermondii [14]. 


DISCUSSION 

the process biosynthesis heme substances very 
similar structure its tetracarboxyl precursor [15- 
Therefore the appearance coproporphyrin cul- 
tures heterotropic microorganisms usually 
nected with damage the synthesis heme enzymes. 

Suppression biosynthesis iron-containing re- 
spiratory enzymes can occur due lack iron the 
medium, and also, some aerobic forms, with in- 
sufficient supply oxygen for the culture [10, 18]. 
just these cases occurs formation large amounts 
coproporphyrin 10, 19]. Unfortunate- 
ly, detailed mechanisms the occurrence these 
forms the microbe cells have not been 
worked out. 

the results our experiments show, insufficient 
iron not the reason for the occurrence porphyria" 
factor which determines the 
formation cells capable the biosynthesis large 
amounts coproporphyrin insufficient aeration 
the medium, especially during the period multipli- 
cation the yeast. The accumulation porphyrin be- 
gins later aging the cultures, The amount copro- 
porphyrin synthesized the yeast under favorable con- 
ditions the medium was considerable g/g 
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yeast, 
0.88 5.2 27,800 
2.24 23.9 
222.0 600 
2.86 215.0 480 
1.87 2.0 2.92 205.0 430 
concentration 
g/g cells 


cells) and approached the values found various 
20]. 

Since the static cultures guilliermondii con- 
sist cells grown under different conditions assuring 
oxygen (films and precipitate), yet all the yeast cultures 
synthesized coproporphyrin with the same intensity, the 
porphyrin biosynthesis (calculated 
the biomass) the cell precipitate should even 
higher than was shown our average results, The re- 
sults fluorescent microscopy the guilliermondii 
cells taken from different parts the culture confirm 
these ideas [7]. 

very probable that under conditions oxygen 
lack the medium for guilliermondii, the forma- 
tion heme enzymes Injury the enzyme 
systems slows the course many oxidation-reduction 
processes, leads worsened growth the yeast, and 
also the accumulation one the intermediate 
products the biosynthesis heme. the absence 
precursor the medium accumulation coproporoph- 
yrin occurs minimum scale, and not 

known, the pyrrole rings porphyrins are 
formed from acid, metabolite 
which occurs the succinate-glycine cycle [16]. Sub- 
stances which stimulate the synthesis coproporphyrin 
guilliermondii are either direct participants the 
cycle (glycine, succinic acid) can 
transfored into compounds the cycle (serine 
and threonine into glycine, aspartic acid into succinic 
acid, and glutamic acid through acid 
into succinyl-CoA). Photosynthesizing bacteria which 
has been found, also actively transform 
glycine and a-ketoglutaric acid the medium into 
the isomer coproporphyrin Although both glycine 
and succinyl-CoA are needed for the formation 
aminolevulinic acid, the biosynthesis coproporphyrin 
guilliermondii activated even the addition 
one these components its precursor the medi- 
um. Hence the missing compound must enter from the 
intracellular metabolites, and the state 
the latter must play important part the develop- 
ment may that the stimulating 
action some the vitamins (thiamine, pantothenic 
acid, and nicotinic acid) the coproporphyrin syn- 
thesis when glycine present the medium comes 
from the intensification the yeast carbohydrate me- 
tabolism which builds the metabolite "background" 
succinyl-CoA. 

known from the literature [1,5] that nicotinic 
acid and thiamine are necessary for the synthesis 
porphyrins suspension Rh. spheroides, and panto- 
thenic acid strongly stimulates the formation copro- 


There doubt that the degree uptake exo- 
genic metabolites the porphyrin metabolism 
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guilliermondii should depend the rapidity with which 


other processes occur and their utilization cell me- 
tabolism. 

Young, intensively growing cells which use the 
amino acids the medium for construction proteins 
and also, perhaps, energy metabolism, contain al- 
most was shown, this substance 
begins accumulate only aging cultures (at 4-7 days 
growth), which reflects the sharp change nitrogen 
metabolism the cells which multiplication de- 

The degree utilization the cells glycine 
the medium for formation coproporphyrin was very 
small. According the data Table can calcu- 
late that the formation 917 coproporphyrin 
synthesized the yeast liter medium only about 
0.9 glycine was used, although the beginning 
the experiment 2.26 the amino acid was present. 

Another example the dependence copro- 
porphyrin synthesis the occurrence other processes 
use the amino acid (glycine) metabolism 
given the experiment with use different con- 
centrations. When the content the medium 
creased /ml the yeast guilliermon- 
dii begins carry out intensive 
riboflavin. Since the construction molecule 
vitamin uses glycine, there between 
this process and the coproporphyrin synthesis for this 
amino acid. Although for many bacteria which not 
have the riboflavin oc- 
curs low concentrations, guilliermondii under 
these conditions does not carry out the coproporphyrin 
synthesis, but evidently first uses the glycine for 
culture ages, vitamin (like porphyrins) not used 
the yeast metabolism and excreted inte the 
um, that,is, becomes individual final product 
nitrogen metabolism the cell. 


SUMMARY 

Coproporphyrin III accumulated cultures 
the yeast Candida guilliermondii after completion 
growth the cells; 4-7 days incubation under 
favorable conditions the medium there found 200- 
300 the porphyrin per dry weight the 

Intensive synthesis this substance occurs only 
cells grown under relatively 
media which contain precursors the porphyrin sub- 
stance genetically related it. Thus, the formation 
coproporphyrin stimulated glycine, succinic acid, 
serine, threonine, asparagine, aspartic and glutamic 
acids, and also vitamin free casein hydrolyzate, malt 
extract, and yeast 

media with glycine the synthesis coproporphy 
rin favored addition thiamine, pantothenic 
acid, and nicotinic acid. There relation between 
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3 
if 
is 
q 


the processes formation coproporphyrin and ribo- 
flavin. Factors which stimulate the synthesis vitamin 
guilliermondii (low concentration, addition 11, 
cobalt o-phenanthroline the medium) inhibit 
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The principal methods used present follow the 
separation proteins mixture are solution electro- 
phoresis and ultracentrifugation. Without question these 
methods yield the most accurate results, considering 
the present state refinement other methods. They 
require, however, comparatively large amounts pro- 
tein solutions, Recently, therefore, the method paper 
electrophoresis has come widely used, since 
does not require complex equipment and few micro- 
liters solution are sufficient. yet inferior 
solution electrophoresis and ultracentrifugation ac- 
curacy and sensitivity, mainly because adsorption 
protein the paper, 

For quite some time paper electrophoresis has been 
used check homogeneity various animal proteins. 
has been employed very little with plant proteins, 
especially seed and the sensitivity the 
method for these proteins completely unknown. 

view the foregoing, decided use paper 
electrophoresis follow the separation pea globulins 
and determine the conditions which increase accu- 
racy and sensitivity the method. 

Proteins pea comprise one the most thorough- 
studied systems seed proteins [2]. isoelectric 
precipitation, Danielsson [3,4] and Kretovich al. [5] 
obtained electrophoretically and sedimentationally 
homogeneous preparations legumin and vicilin from 
pea. With this method, however, Johnson al. [6,7] 
were unable free legumin from admixtures vicilin, 
even with repeated precipitations. After one fractiona- 
tion, Joubert [8] also obtained quite impure legumin 
and vicilin 

view the contradictory reports, concluded 
that was necessary follow through the fractionation 
legumin and vicilin. 


METHODS 
Extraction legumin and vicilin. Two varieties 
pea (Pisum sativum) were used, Capital and Victoria; 
experimental material was obtained from the 1958 crop 
the Kishinev University biological station. Seed coats 
and embryos were removed and the remaining portion 
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the seeds finely ground. The meal was defatted 
10-15° with petroleum ether cold extraction appa- 
Legumin and vicilin were extracted 
method The defatted meal was extracted over night 
and the extract was centrifuged and filtered through 
filter paper. This clear salt extract was then freed 
albumins addition 70% saturation. 
The precipitated protein was dissolved NaCl, 

7.0, and the solution was dialyzed against distilled 
water. This operation was performed twice, The globulin 
precipitate obtained after the second dialysis was dis- 
solved NaCl, 9.2, and the solution dialyzed 
against NaCl, The precipitate formed 
during dialysis, which consisted mainly legumin 
(fraction was freed vicilin successive repre- 
cipitations (solution NaCl, 9.2, and dialysis 
against NaCl, 4.7). The purity the successive 
legumin fractions Lg, etc.) was checked paper 
electrophoresis, Purification procedures were continued 
until electrophoretically homogeneous preparations were 


The supernatant liquid obtained after the first di- 
alysis the globulin mixture against NaCl, 
4.7, which contained mainly vicilin (fraction was 
dialyzed against distilled The vicilin precipitate 
obtained was purified successive reprecipitations 
(solution NaCl, 4.7, and dialysis against 
distilled water). The purity successive fractions 
and was checked paper electrophroesis. 

Dialyses were carried out 2-4°, the remaining 
operations room temperature. 


proteins are quite strongly adsorbed paper, which 
number cases seriously interferes with the success- 
ful application paper electrophoresis protein sepa- 
ration. all the fractions given protein mixture 
migrate the same direction, some the most rapid- 
moving protein will adsorbed along the migration 
path and will give increased values for the more slowly 
moving fractions. the most rapidly moving fraction 
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small amount, may undetected because com- 
plete adsorption along the migration 

obtain the most reliable results, therefore, 
desirable keep adsorption minimum; this can 
done shortening the migration path. 

the majority paper electrophoresis devices 
use the present time, evaporation water from the 
paper takes place, which gives rise the flow liquid. 
This flow substantially affects both the direction and 
rate migration protein Thanks it, 
the various protein fractions reach characteristic equili- 
brium positions which depend not their original posi- 
tion but only electrophoretic mobility [13, 15]. 

necessary determine the content any 
one component more accurately, this most likely 
accomplished applying the mixture the paper 
position between the equilibrium positions this 
component and its neighboring components, These frac- 
tions will then move opposite directions, nec- 
essary determine the amount contaminating pro- 
tein, the solution must also applied place situated 
between the equilibrium positions the main component 
and the contaminating component; order prevent 
appreciable error, the level adsorption the main 
component the site application should not be- 
yond the limits the Gaussian curve this component 
(Fig. 1). 

Correct selection the application site there- 
fore the greatest importance obtaining the most 
accurate results possible, the study any protein 
mixture necessary first determine the equilibri- 
positions the component proteins and then 
select the site application accordance with the 
particular objective the study. 

Electrophoretic separations were carried out 
device the horizontal type produced the experi- 
mental design shops the Bogomol'tsa Kiev In- 
vertical device, which has been described Gurvich 
the first experiments was found that 


Fig. Diagram solution application. Ap- 
plication site indicated arrows. 
areas correspond adsorption the main 
component the application site. Correct; 
incorrect. 


the original salt extract pea meal was amenable 
electrophoretic separation. Even after the first purifica- 
tion precipitation with ammonium sulfate, the pro- 
teins could not separated the cold because 
marked reduction solubility low temperatures, 
room temperature, separation was somewhat poorer 
the Gurvich chamber than the EMIB chamber. 

Conditions employed experiments the Gurvich 
chamber were follows: potential gradient 3.7 
0.1 5.1 0.2 v/cm; time 6-22 hours 
periment milliamps end experiment 2.0- 
milliamps. 

With the EMIB chamber, the best results were ob- 
tained room temperature, and not 
less than hours; current applied beginning ex- 
periment, 2.5-2.8 milliamps, end experiment, 
milliamps. 

All experiments were carried out borate buffer, 
7.8 and 0.25, Leningrad No. chromatographic 
paper. Electrophoretograms were wide. prevent 
edge effects [17], two strips filter paper about 1.5 
wide were placed along the sides the bridge the 
EMIB chamber, Electrophoretograms were prepared and 
treated for the most part according method de- 
scribed previously [9], with the following alterations: 
Papers were dried minutes 120-130° and treated 
with brom phenol blue solution for minutes, after 
which excess stain was washed off 4-5 time for periods 
minutes each. The protein mixture was applied 
the paper such place that vicilin and legumin would 
migrate opposite directions. the Gurvich chamber, 
the solution was applied from the center the 
side toward the anode, and the EMIB chamber, 
from the center the side toward the cathode. 

The electrophoretograms were quantitatively as- 
sessed elution [9]. was assumed that legumin and 
vicilin bind equal amounts bromphenol blue per mole 
protein, since they have approximately the same number 
basic amino acids [18]. Since 0.01 NaOH did not 
extract brom phenol blue from the paper completely 
room temperature, elutions were carried out 50° for 
minutes. Under these conditions, the extinction 
the solution remains practically constant for least 
minutes. The electrophoretogram was cut into strips 
2mm wide, from which the bromphenol blue was ex- 
tracted with 2.5 NaOH. the beginning the 
study, extinction solutions was measured anFEK-M 
photoelectrocolorimeter with green light filter, and 
later FEK-N-57 colorimeter with No. filter, 
which gives increase extinction. From the 
extinction values obtained, curve was constructed and 
the percentage composition the mixtures computed 
[9]. Where necessary, correction was made for adsorp- 
tion. 

determine the extent adsorption legumin 
and vicilin, solutions and were applied sepa- 
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Fig. Electrophoretograms original mixture and legumin 
Electrophoretogram obtained Gurvich chamber, the rest 
EMIB chamber. 


a j b c 
Fig. Electrophoretograms original mixture 
Final legumin fractions; and vicilin; Electro- 
phoretograms (a) obtained Gurvich chamber, 
the rest EMIB chamber. 
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rate papers 8.5 from the equilibrium positions the 
respective proteins, and electrophoresis was carried out 
under ordinary conditions for The amount 

protein adsorbed was determined elution. 


RESULTS AND DISCUSSION 

The solution fractionated contained 
and 55.0% vicilin. Electrophoretograms illustrating the 
composition certain intermediate and final fractions 
are presented Figs. and 

characteristic feature the electrophoretic be- 
havior legumin and vicilin that the legumin zone 
always more diffuse than the vicilin zone; judging 
their diffusion should have found the 
reverse true. Only the electrophoretograms pro- 
teins from Victoria peas were quantitatively evaluated. 

The data summarized the table show that 
cases the accuracy evaluation legumin fractions 
fully satisfactory. Only the case fraction the 
scattering data large, and the values obtained for this 
fraction are obviously unreliable. The accuracy de- 
termination vicilin fractions was markedly lower. Al- 
though the relative error for the vicilin component did 
not exceed 6%, for component fractions and 
was too high (~35%). 

For fractions and found that when the solu- 
tion was correctly applied symmetrical extinction curves 


Composition Fractions Obtained 
during Separation Legumin and 
Vicilin Average values 3-7 
Determinations 


Content, 


Fractions legu- 


*Standard error determination. 


were obtained (Fig. 4c), indicating the absence vici- 
lin. When the solution was incorrectly applied (when 

necessary correct for legumin adsorption), the vicilin 
contaminant amounted 2.8 0.8% the total. How- 
ever, this value cannot regarded reliable because 

uncertainties the calculation vicilin content in- 
troduced the association with strongly adsorbed 
legumin. (As established, under our conditions legumin 


Fig. Extinction curves certain fractions. Original 
mixture; fraction (legumin adsorption corresponding 
vicilin. 


com- 
ponent 
xX 
OIS 
210}- 
005 
if 
\ 
823 


adsorbed six times more strongly than vicilin.) the 
other hand, impurity the order cannot 
detected with certainty even with correct application. 
only with fair amount justification, therefore, 
that can say that the vicilin content fractions 
and below 3.5%. 

Thus, this method electrophoresis enables 
detect with fair degree reliability vicilin impurities 
legumin preparation the order 4%. 

For comparison shall point out that White al. 
[19], study paper electrophoresis human 
and S-hemoglobins whose relative mobilities are close 
those legumin and vicilin, concluded that the 
separation these two compounds the minimum de- 
hemoglobin preparation However, they did not 
take into account the error introduced adsorption 
even though, judging their photographs Fig. 
these hemoglobins are adsorbed appreciable extent 
paper, and their migration path quite long (~6 cm). 

Our results show that with proper choice the ap- 
plication site, the minimum detectable amount ad- 
mixtures may reduced least two-fold. find 
these admixtures, however, necessary apply the 
solution the chromatogram very 

legumin vicilin, not such great importance 
apply the solution accurately, since the degree vici- 
lin adsorption much less than that legumin adsorp- 
tion; the error introduced adsorbed vicilin may there- 
fore assessed quite accurately. Even this case, how- 
ever, obviously necessary apply the solution be- 
tween the equilibrium positions legumin and vicilin. 

Quantitative analysis the vicilin electrophoreto- 
grams yielded unreliable all purification 
stages, there was component migrating the same 
direction legumin but not associated with separate 
peak the curve (component Fig. and the 
table). The amount this component fell very slow- 
with vicilin purification. 

the basis these data cannot state what 
protein proteins this component corresponds. may 
composed part legumin which failed reach 
its equilibrium position, since the latter not present 
amounts sufficient forestall adsorption. Evidently 
component represents considerable extent protein 
possessing mobility intermediate between that 
legumin and vicilin. Perhaps this component some 
measure represents associated vicilin, since our con- 
ditions favor association definite Al- 
though has been found 20] that associated proteins 
not differ from monomer molecules electrophoretic 
mobility and are therefore not separated from these 
solution electrophoresis, are inclined think that 
they can separated paper electrophoresis. The 
basis this assumption that probably the association 
product differs from the monomer degree adsorp- 
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tion paper, and also that these entitites differ insize, 
also possible that component consists definite 
extent partially denatured but still soluble vicilin. 

view our finding that the vicilin 
fractions hardly legumin, decided limit 
purification stage 


SUMMARY 


Paper electrophoresis was utilized the study 
pea legumin and Legumin adsorbed paper 
much more than vicilin. reduce error introduced 
protein adsorption paper, the protein mixture 
should applied near possible the equilibrium 
position the protein studied, that this latter mi- 
grates one direction, and the other components 
the opposite direction. these means, admix- 
ture vicilin legumin may detected. 

Preparations legumin and vicilin have been iso- 
lated isoelectric precipitation. After reprecipita- 
tions, the legumin preparation contained less than 3.5% 
The vicilin preparation consisted two 
components differing slightly electrophoretic mobil- 
ity. The content the main component was 90% 
The nature the second component obscure. 


conclusion, wish express our deep apprecia- 
tion Professor Klimenko for the original sugges- 
tion and for direction this study. 
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Department Animal Biochemistry, Lomonosov State University, 


Moscow 


Translated from Biokhimiya, Vol. 25, No. pp. 1055-1064, 


November- December, 1960 
Original article submitted March 10, 1960 


Biological oxidation reactions may divided into 
two groups according accumulation energy 
chemical bonds; those coupled the formation ofhigh- 
energy phosphate bonds (phosphorylating oxidation-PO), 
and those not coupled (nonphosphorylating oxidation- 
NO). 

The functional roles these two types reaction 
have been studied different extents; PO, which 
coupled ATP synthesis, has been studied quite thor- 
oughly, while the physiological significance re- 
mains many ways obscure. This has given rise the 
belief that ineffective process "unharnessed" 
cellular activities, which characteristic not somuch 
normal physiological condition but pathologi- 
cal lesion metabolism (thyreotoxicosis, and 
avitaminosis, fever induced dinitrophenol 

The opposite view that physiological 
form tissue respiration which participates with 
the metabolism normal This possibility 
discussed number reviews oxidative phos- 
phorylation [5-14]; the "physiological validity” 
has been pointed out studies temperature regula- 
tion [15-20]. 16] has formulated hypo- 
mechanism heat production. this so, then 
should maximally activated during abrupt cooling 
warm blooded animal and should assume decisive 
role survival where the effect cold quite severe. 

This study devoted the experimental demon- 
stration activation during abrupt cooling. 


METHODS 

Experiments were performed pigeons (Columba 
livia). The birds were cooled refrigerator 
enhance the effect cooling, they were sheared. 
Oxygen consumption was measured according the 
method Kalabukhov [21] 24° for the control group 
and for the cooled group, this measurement being 
made immediately after cooling. 

Body temperature was measured with rectal ther- 
Coupling oxidation and phosphorylation 
was measured mitochondria isolated from the pectoral 
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muscle, with succinic acid and pyruvic plus malic acid 
substrates, 

Measurement oxidation and phosphorylation 
muscle The pigeons were decapitated 
and the pectoral muscle rapidly removed, immersed 
liquid for homogenization (see below), and weighed. 
The muscle was coarsely minced with knives and homo- 
genized with volumes solution containing 0.1 
KCl, 0.05 tris, 7.4, and 0,001 The 
homogenizer consisted teflon plunger and glass 
Nuclei and cell membranes were removed from 
the homogenate centrifugation for min 600 
and mitochondria were then sedimented centrifuga- 
tion for min 9000 All operations were performed 
The mitochondria were suspended the same 
solution and incubated Warburg vessels for min 
26° air. The incubation mixture ml) contained 
times much hexokinase that required 
maximum rate phosphorylation, and substrate 
(40 succinic acid pyruvic plus malic 
acid). 

The hexokinase preparation was obtained according 
Berger, al. [22] stages) according Sols, 
[23]. The AO, was determined manometrically; 
was determined the decrease inorganic phosphate 
(Pinorg) described previously [24]. Mitochondrial 
swelling was measured electronephelometer ac- 
cording change optical 


RESULTS 

Changes body temperature during cooling. With- 
10-20 minutes after exposure -15° temperature, 
sheared pigeons exhibited progressive hypothermy 
(Fig. curve prior the experiment they had 
been exposed warmth for longer period 
pigeons, which had been kept coop heated about 
15° after the advent cold Pigeons taken 
winter from unheated coop maintained body 
temperature 40° for several hours after exposure 
-15° (Fig. curve 1). proved possible develop 
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Stages 
Fig. Changes P/O, gas exchange, and body 
Duration cooling, minutes 
P/O for succinic acid; III) gas exchange; IV) body 
Fig. Changes body temperature pigeons dur- temperature; numbers parentheses abscissa 
ing cooling. Pigeon kept months room amount conditioning cold corresponds 
temperature, first cooling; same bird, second natural conditioning and two artificial condition- 
cooling; pigeon kept months room tem- ings). 


perature and days just before the experiment 
0°, first cooling; same bird, second cooling; 
pigeon kept from October through January 
unheated coop, first cooling, same bird, sec- 
ond cooling. 


Stage Some uncoupling oxidation and 
phorylation (reduction P/O) during the first cooling 
birds which had been kept under warm conditions, 
This stage accompanied progressive hypothermy and 


artificially the capacity for maintenance body tem- temporary stimulation gas exchange whichis replaced 
perature the cold birds which had been kept decline with fall body temperature 
warm conditions. This was accomplished cooling Stage II. Further uncoupling during the second cool- 
sheared birds until their body temperature had fallen ing 1-2 days after the first cooling. this stage both 
5-10°, and then returning them warm hody temperature (39-40°) and gas exchange 
these birds are cooled again 1-2 days later, they are normal) are stabilized. 
able maintain body temperature ~40° for hours Stage III. Decrease uncoupling and gas 
(Fig. curve 2), unsheared pigeon kept for change. stage II, body temperature near 
few days also acquired the capacity maintain body Stage III appears during the second cooling birds 
temperature the first cooling period, but not which had previously been adapted cold contain- 
great degree during the second cooling (Fig. ment cold coop conditioning cold). 
curves and 2). Already the first cooling period such birds exhibit 
Stages adaptation Investigation body changes characteristic stage the adaptation 
temperature, oxygen consumption (gas exchange) pigeons (uncoupling, maintenance normal 
vivo, and coupling oxidation and phosphorylation body temperature, and stable rise gas exchange). This 
afforded basis for distinguishing three stages strikingly berne out comparison and 
adaptation abruptly reduced conditioning cold: 


Gas exchange, 
liters wt/hr 


Body temperature 
the cold 


Adaptation cold 


Without cooling 
Artificial 
Natural 


0.85 0.10 
0.15 0.05 
0.28 0.07 


0.035 
0.135 
2.76 0.06 


39.2 0.3 
38.1 0.4 


Note: Measurement oxidative phosphorylation was made with succinic 
acid substrate. 


Benediktov, Maslova, and Shestakov participated these experiments. 


TABLE Restoration Pyruvic Oxidase Activity DPN and Restoration ATP 
Coupling Mitochondria from Adapted Cold 


Amount added, Succinic acid malic 
acid 


Exptl. cond. 


Without cooling 
Adaptation cold 3,15 1,02 
after cooling 5,40 

5,25 

5,10 1,46 


Note. this and following tables and are expressed 


TABLE Restoration ATP and EDTA Phosphorylative Coupling 
Mitochondria from Pigeons which Had Been Cooled Twice 


ATP and 


Without cooling 8,25] 1,04 5,45 2,97 
11,0 1,36 6,75 2,28 


Succinic acid Pyruvic malic acid 


the coefficient variation could have been due 
the increased relative error 


Characteristics thermoregulatory uncoupling 


oxidation and phosphorylation, This study has shown 


Fig. are shown changes with stage adapta- 
tion average P/O ratios, body temperature, and gas 
exchange low temperature, Analysis individual 
variations the various stages indicates that adapta- 


tion proceeds the range response the organism 
cold decreases, (This was postulated Potter 
Specifically, was found that the variation was 
greatest during the first cooling; here the full range 
responses from unchanged complete uncoupling 
was found. During the second cooling values were 
limited range from 50% the normal. the 
third stage adaptation, the range variation was 
more contracted; ratios were always reduced, but 
thisreduction sometimes was less than 50% the origi- 
nal value. This pattern reflected the pattern the 
deviation), which was calculated for the con- 
trols stages and III and malic 
acid): 


variation, 


Stage adaptation 
cold 


P/O 


1.82 
1.06 
1.35 


The coefficient variation for the second stage 
not given since here the absolute value P/O almost 
six times lower than the control value, and increase 
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that change P/O strictly correlated with 
the structural condition the mitochondria, Fig. 
shows, reduction P/O stages and parallel 
with the decline optical density the mitochondria, 
with their swelling, while the increase P/O 
stage III associated with increase optical density. 
Similar changes were noted the rate hydrogen trans- 
fer the pyridine nucleotide stage. well known 


protein 


succinic acid 
pyruvic acid 


Stages 


Fig. Changes P/O, optical density mito- 
chondria, and ratio rates oxidation pyruvic 
and succinic acids various stages adaptation, 
P/O for pyruvic acid; P/O for succinic acid; 
III) density; IV) Figures 


| 
____ 
0,78 
0,76 
=] 
77) 
, 
ae 


TABLE Manifestation Effect 
ATP and EDTA During and Incu- 
bation from Pigeon Adapted 


Cold 

Added iso- Added 

lation cubation 


that inhibition oxidation through DPN one the 
most sensitive indicators structural degradation 
mitochondria, since pyridine nucleotides pass out the 
mitochondria extremely easily during swelling [25]. 

measure the rate oxidation through DPN, 
selected the ratio absorption during oxidation 
pyruvic and malic acids, which involves DPN, that 
during oxidation succinic acid, which does not in- 
volve pyridine nucleotides paral- 
lelism this ratio and the P/O ratio are evident 

Fig. Addition DPN incubation mixture con- 
taining mitochondria from pigeons which have been sub- 
jected cooling completely restores 
(Table 1). 

This treatment has essentially effect P/O. 
This can partially restored addition ATP (Table 
or, still better, ATP plus EDTA. These compounds in- 
crease somewhat the P/O mitochondria from pigeons 
which have not been cooled, but their effect 
particularly strong mitochondria birds which 
have been cooled twice, and which oxidation 
considerable degree the non-phosphorylating type 
(Table 2). 


Thus, use agents reduces differences 
between control and cooled groups with respect P/O. 
studying the stages adaptation cold, 
refrained from using activators such ATP and 
EDTA the incubation mixture and high concentrations 
magnesium the isolation medium. Under our con- 
ditions, P/O the control was somewhat reduced, but 
the effect cooling was manifested most clearly. 
interest that the effect ATP and EDTA 
(in concentrations the order 0.001 shows 
only when these compounds are present during incuba- 
tion the mitochondria, Isolation mitochondria 
their presence substantially without effect the ex- 
tent coupling. Evidently temperature critical 
this case; Isolation carried out ~0°, and incuba- 
tion 26° (Table 3). 

study mitochondrial swelling showed that 
optical density stable and practically the same 
the presence and absence ATP and EDTA. 20°, 
the optical density affected ATP and EDTA. When 


they are present, the mitochondria shrink (optical den- 
sity increases), and when they are absent the mito- 
chondria swell rapidly (Fig. 4). The study shrinking 
and swelling mitochondria from the pectoral muscle 
pigeon will described separate communica- 
tion, 


DISCUSSION 


Thermoregulatory coupling evidence fora 


functional role for oxidation. The 
rapid and marked activation described above 


possible only there present the mitochondria 
vigorous system and fully developed physiological 
mechanism for shifting oxidative pathways. Activation 
the system critical under rapid cooling con- 
ditions, when unconditioned animals are unable un- 
couple respiration and phosphorylation sufficient 
degree, while conditioned ones can and survive. 
Under such conditions, therefore, NO, which often 
designated proves more effective 
physiologically than PO. 

The following considerations attest the fact that 
one the natural mechanisms for emergency 
mobilization 

The maximum activation coincides with 
emergence the capacity maintain normal body 
temperature during abrupt cooling (second cooling 
pigeons which had been kept warm temperatures). 

Activation during abrupt cooling may 
naturally induced keeping pigeons unheated 
coop. these birds the maximum uncoupling occurs al- 
ready during the first cooling (in birds from warm 
coop, during the second cooling). 

The pattern change during adaptation 
cold conforms the rule biological adaptation 
that the range response stimulus decreases 
adaptation the stimulus progresses (cf. the variability 

The fact cannot ignored that during prolonged 
adaptation there certain reversal the original 


With ATP and EDTA 


ATP and EDTA 


Temp. medium 


Fig. Effect ATP and EDTA 
optical density mitochondria 
and 20°, 
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changes. specific, the transition stage the 
uncoupling decreased. This was also observed 
Panagos, Beyer, and Masoro experiments rat liver 
mitochondria. Mitochondria from the liver rats kept 
the cold days showed reduction 26% P/O, 
while those from rats kept the cold month showed 
reduction Our data muscle mitochon- 
dria resemble these data the pattern change 
P/O during However, the rate which un- 
coupling occurs different the two cases, liver, 
develops after fairly long period acclimatization 
cold (in the experiments Panagos, al., after two 
weeks; the experiments Smith and Fairhurst, after 

month and half). 

During the first days cold exposure, the 
rat liver mitochondria was the same for the cooled and 
the control groups. our experiments, short-term 
cooling pigeons induced changes liver 
mitochondria [26]. 

muscles considerable reduction often ob- 
served early 15-20 minutes after the beginning 
cooling, and the entire cycle thermoregulatory shifts 
P/O completed few days, i.e., earlier than any 
shift all was noted Thus, liver uncoupling 
feature acclimatization, “slow (ac- 
cording Potter's terminology), while muscle un- 
coupling should related Probably 
the slow changes liver are manifestation general 
reorganization metabolism under the new temperature 
conditions and are, perhaps, the result thyroid hyper- 
function during prolonged cooling [27]. shown our 
laboratory, P/O liver mitochondria extremely 
sensitive hyperthyreosis [28]. 

the other hand, activation muscles during 
short-term cooling may represent special thermo- 
regulatory mechanism for emergency heat production. 
Neifakh and Zdrodovskaya showed, administration 
DNP rabbits induces burst heat production and 
increase body temperature; study incorpora- 
tion vivo and determination P/O vitro revealed 
uncoupling oxidation and phosphorylation [9, 
These experiments were performed fairly high tem- 
peratures, and the excess heat production response 
DNP was injurious the organism, fever condition 
being During cooling, however, evidently 
even the unphysiological uncoupling induced DNP 
favorable. Our experiments showed that DNP administra- 
tion increases the survival mice during cooling 


No. 
Injection Survival, min. 
Without injection 162.8 
Physiological solution 170.3 8.7 
DNP 252.7 13.0 


this investigation have encountered physio- 
logical thermoregulatory uncoupling, which may ex- 


830 


plained thus, The shift oxidation the nonphosphory- 
lating pathway during cooling results inactivation 
the complex phosphorylating mechanism energy 
cumulation, which retards oxidation and limits the 
internal zone mitochondria, also portant that 
does not depend Pinorg levels and those its ac- 
ceptors. The excess consumption animal the 
cold must necessarily lead disappearance tissue 
Pinorg after few minutes heightened oxidation 
the level coupling not decreased there 
activation processes degrading phosphorylated products. 
acceleration the decomposition ATP, the 
uct PO, may actually occur response cooling. 
ATP consumed during tetanic contraction muscle 

the cold. 

contrast, our uncoupling during short-term cool- 
ing more radical method oxidative heat 
tion which proves independent mechanisms 
ATP formation and utilization, could supposed that 
the final stage adaptation, the whole mechanism 
increased heat production the cold reduces 
simple combustion extra substrate enzymes, 
which expressed externally heightened consumption 
nutrients and 

Comparison thermoregulatory uncoupling with 
other methods uncoupling. The 
regulatory uncoupling with changes optical density 
mitochondria and rate hydrogen transfer mito- 
chondrial DPN indicates its connection with mitochon- 
drial structure, might assumed that activation 
the respiratory chain from phosphorylating enzymes, 
this respect our observations contradict those Smith 
and Fairhurst, who were unable detect changes 
mitochondrial swelling association with P/O reduc- 
tion the liver rats which had been exposed the 
cold for month and half This contradiction 
may resolved terms the difference between 
mechanisms thermoregulatory uncoupling muscle 
during short-term cooling and slow uncoupling liver 
during acclimatization 

interest the fact that the effect number 
sociated with change mitochondrial structure similar 
that observed cooling. Lehninger's recently dis- 
covered natural uncoupling factor mitochondria also 
induces swelling. The fall optical density mito- 
chondria and rate oxidation through DPN accom- 
panies uncoupling induced calcium ions and thyroid 
hormones. The inhibition oxidation reduced ad- 
dition ATP and/ EDTA [25, 

the other hand, uncoupling poisons the DNP 
type (phenol derivatives, coumarin, gramicidin) are un- 
able induce mitochondrial swelling ATP and 
EDTA cannot reverse their uncoupling effect. These 
facts are summarized Table based experiments 
our laboratory and that Lehninger [25, 


= 
43 
| 


The well known fact activation hormone pro- 
duction the thyroid gland during cooling [27] could 
have been taken indicate similarity uncoupling 
mechanisms during hyperthyreosis and-cooling. Thermo- 
regulatory uncoupling differs strikingly from the phe- 


Cooling 


Uncoupling the liver 
Uncoupling muscle 
Time required for un- 


coupling Ten minutes 


Gas exchange Increased 
Condition organism 
during uncoupling 


Analysis results experiments with ATP (Table 
1-3) does not bear out the assumption ATPase 
mechanism reduction phosphorylation during cool- 
ing. ATP had been degraded ATPase during cool- 
ing, then ATP added mitochondria from pigeons 
which had been subjected cooling would have been 
dephosphorylated, and the Pinorg Content the samples 
with ATP should have been greater than that the 
without it. Experimentally, the reverse was true: 
ATP sharply enhanced phosphate esterification. This 
effect ATP also incompatible with 
ATPase mechanism for thermoregulatory 
coupling, since cases ATPase inhibition cata- 
lytic amounts ATP are known, seems improbable, 
moreover, that activation ATP dephosphorylation 
would evident with the method P/O determi- 
nation employed; Phosphorylation was measured the 
presence excess hexokinase and glucose ac- 
cept ATP. known that this system competes suc- 
cessfully with ATPases, Finally, direct measurement 
ATPase activity showed that cooling animal 
substantially without effect the rate ATP dephos- 
phorylation mitochondria, 

Potter's hypothesis [18] “thermogenic 
the pyridine nucleotide stage invalid, inasmuch 
uncoupling demonstrated not only with substrates oxi- 
dized through DPN, such pyruvic and malic acids, but 
also with succinic acid, Evidently all phosphorylation 
stages the respiratory chain are subject uncoupling. 

These data may provide sufficient basis, 
seems us, for the assumption that there vivo 


Indicator Cooling 
Mitochondrial swelling Activated 
Oxidation through DPN Inhibited 
Reversal ATP and EDTA 

swelling and uncoupling Reversed 


nomena attendant, thyroid hyperfunction, however. 

comparison certain characteristics the organism's 
condition during various types uncoupling revealed 
the following (based our data and those Martinus 
[3] and Neifakh [16, 


Hyperthyreosis fever 
Not investigated 
Weeks Hours 


Increased 


Pathological Pathological 


uncoupling mechanism similar that induced di- 
nitrophenot and thyroxin, although differs from them 

Probably the mitochondria operate vigorous 
mechanism which ensures rapid dissociation the 
respiratory chain from phosphorylation processes, so, 
difficult believe that emergency mobilization 
heat the sole function NO. 


MMARY 


study oxidative phosphorylation mitochon- 
dria skeletal muscles well the body tempera- 
ture and gas exchange pigeons subjected abrupt 
transient cooling has disclosed the following three stages 
efficient, transient the gas exchange 
velopment hypothermy the body upon first cold 
Further decrease P/O, steady increase 
gas exchange and stable body temperature upon sec- 
cond cold exposure. Partial normalization P/O 
and gas exchange upon further adaptation cold, 

The degree uncoupling oxidation from phos- 
phorylation various stages correlated with the swell 
ing mitochondria and inhibition hydrogen transfer 
the mitochondrial DPN. Oxidation via DPN becomes 
normal upon addition DPN the reaction mixture 
while P/O and optical density are increased addition 
ATP and EDTA. 


DNP 


thyroxin 


Activated Inhibited 
Inhibited Unchanged 
Reversed Not reversed 
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TABLE Comparison Thermoregulatory Coupling with Other Types Coupling Vitro 


The mechanism uncoupling upon cold exposure 
differs enzymatically from the dinitrophenol uncoupling 
and similar that caused thyroxine and ions, 
However, contrary thyreotoxicosis, upon transient 
cooling uncoupling noted the muscle but not the 
liver and progresses much more rapidly. 

Rapid and powerful activation the non-phosphory- 
lating oxidation correlating with the survival cold 
considered evidence that the oxidative reactions not 
coupled with phosphorylation are major metabolic 
importance and participate thermoregulation: non- 
phosphorylating oxidation the muscle tissue 
thermoregulatory mechanism emergency mobilization 

are deeply grateful Professor Severin 
for his constant attention, valuable advice, and help 
this study. 
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The necessity systematic survey amino 
acid composition insect proteins, especially 
changes occurring during ontogenesis, has long since be- 
come apparent. becomes particularly qbvious with 
examination patterns amino acid metabolism 
the silkworm. 

the period prior formation the cocoon, i.e., 
mainly during the second half the fifth instar, there 
accumulation amino acids and proteins. 
This involves both uptake and incorporation amino 
acids from the nutrient supply, and synthesis amino 
acids the body the silkworm larva. Quantitative 
assessments these processes have been made [1], but 
very little known the ultimate fate these 
amino acids, i.e., what organs and what amounts 
they are incorporated. 

now very difficult evaluate the rate 
amino acid metabolism and protein synthesis from 
tissue tissue the relative amount synthesis 
given tissue, wholly obscure whether amino acid 
generalized increase its proteins, whether only 
some the proteins characteristic the given tissue 
organ are synthesized. attempt resolve this 
problem has been made this study. 


METHODS 

Material analyzed was fixed 75% alcohol 
(final concentration) the beginning (just after melt- 
ing) and the end (before cocoon formation) the fifth 
instar. The following tissues and organs were removed 
from the silkworm larva for study: hemolymph, fat 
body, muscles, intestinal wall, silk gland wall, and silk 
gland contents, Preparation the larvae was carried 
out carefully possible* that data obtained might 
utilized for calculations the basis 100 indivi- 
Material from 32-36 individuals was taken the 
beginning the instar and from 23-25 individuals 
its close. Samples were stored alcoholic preparations 
until use. 


The tissue organ was ground mortar with 
alcohol extract free amino acids, the brei then 


filtered Buchner funnel, and the solid residue 
washed several times with 75% alcohol. This residue 


was dried vacuum drying oven 40-60°, weighed, 
again ground, and assayed for water content. Dry weight 
the solid material obtained from the tissue organ 
this manner was calculated from these data, The 
fine powder obtained was used for further 

The filtrates were made volume 50-300 
ml, depending amount filtrate, and assayed for 
dry matter content. these values were added the 
values for dry weight the solid residue give total 
dry weight for the given tissue organ. 

Alcoholic extracts were assayed for total nitrogen 
the Kjeldahl method, and amino 
amino acid determinations, aliquots from 0.02000 
0.02500 were simultaneously hydrolyzed with 400 
volumes 20% (glass distilled) for hours; the 
reaction was carried out sealed ampullae with con- 
stant agitation the mixtures. slight residue 
humins was filtered off Buchner funnel and the hy- 
drolyzate was vacuum dried 35-40°. The dry residue 
was taken water acidified with small 
amount humins being removed filtration. Amino 
acids the samples thus obtained were determined 
paper chromatography [2]. 

RESULTS AND DISCUSSION 

From the data obtained, calculated amounts 
individual amino acids the various tissues and organs, 
absolute dry weights, and nitrogen contents. Results 
the calculations are presented Tables and 

There are some published reports the amino 
acid composition tissues silkworm and number 
ether insects. Examination these data reveals 
that opportunities for drawing comparisons with our 
data are extremely 

insects other than silkworms, only proteins 
the cuticle and certain secretions, i.e., tissues 


*We are indebted Professor Sinitskoi for the 
Teplits, and Yakushkinaya, for assistance re- 
moval tissues and organs. 


TABLE Absolute Dry Weight (G/100 Individuals) and Nitrogen Content (%) Tissues 
and Organs the Silkworm Larva 


Absolute dry weight 


day 
5th instar 


before 
5th instar cocoon 


before 
spinning 
cocoon 


Tissue organ 


Intestinal wall 
Muscles 

Fat body 
Hemolymph 
Silk gland 
Wall silk gland 2,30 


Contents silk gland 


15,47 
14,16 
12,13 8,29 

13,76 


TABLE Content Bound Amino Acids Tissues and Organs the Silkworm Larva 
the Fifth Instar (In absolute dry wt.) 


Intestin- 


Amino acids wall 


Leucine and 


Glutamic acid 
Serine 
Threonine 
Cystine and 
cysteine 
Arginine 


3,68 


Lysine 
Histidine 
Proline 
Phenylalanine 


7,40 


and Tables and larvae the first day the 5th instar; larvae before 


spinning the cocoon. 


have not examined, have been analyzed for amino 
acid content, silkworm, the amino acid composition 
hemolymph proteins has been studied detail, and 
there some material amino acid composition 
the silk gland neither silkworm nor other in- 
sects, however, has amino acid composition the in- 
testinal wall, muscles, fat body been investigated. 
Unfortunately the attempt Kallhammer [8] study 
amino acid composition various organs immature 
bees was not further exploited. Moreover, even 
comparison our data with those other workers 
hemolymph and silk gland silkworm rendered 
difficult the fact that analyses were made differ- 
ent stages development and that modes prepara- 
tion tissues were different. 

If, nonetheless, these differences are ignored, 
can concluded that amounts various amino acids 
proteins silkworm hemolymph measured other 
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workers are extremely close our values; only leucine 
plus isoleucine, aspartic acid, glutamic acid, and cytine 
plus cysteine differ markedly content. the other 
hand, there similarity between ribonucleoproteins 
from the silk gland proteins the silk gland wall 
with respect amino acid composition. all proba- 
bility this because the presence the wall silk 
profibroin, which has very specific amino acid make- 
up. 

Examination the data Table amino acid 
composition proteins from various tissues reveals 
general similarity among proteins the intestinal wall, 
muscles, fat body, hemolymph, and silk gland taken 
whole, while proteins from the wall and the contents 
the silk gland taken just before spinning the cocoon 
have very characteristic composition. the first 
case, there are significant amounts leucine plus iso- 
leucine, glutamic acid, and phenylalanine (8-10%), 


13,10 

6,35 

17 

4,84 4,61 4,74 

5,64 3,03 

4,25 3,01 1,87 

0,99 0,69 

4,48 4,74 4,52 

4,77 3,62 3,24 


TABLE Amino Acid Content 


Proteins from Tissues and Organs the Silkworm 


Larva the Fifth protein with 16% nitrogen) 


Intestinal 
wall 


Muscles 


Amino acids 


Hemo- 
silk silk 


Fat body 
lymph 


Glycine 

Alanine 

Valine 

Leucine and iso- 


leucine 
Aspartic acid 


Glutamic acid 
Serine 
Threonine 
Cystine and 
cysteine 
Arginine 
Lysine 
Histidine 
Proline 
Phenylalanine 
Tyrosine 


*In protein with 16,52% nitrogen. 


protein with 17.62% nitrogen. 


TABLE Amino Acid Content Proteins Various Tissues and Organs the Silk- 
worm the Fifth Instar (In grams dry wt. for 100 individuals) 


Intestinal Wall Contentsof 


wall 


Hemo- 
lymph 


Muscles Fat body 


0,45 


0,34 


0,55 


0,01 


Glycine 

Alanine 

Valine 

Leucine and iso- 


Glutamic acid 
Serine 
Threonine 
Arginine 

Histidine 
Proline 
Phenylalanine 


Tyrosine 


0,15 
0,21 
0,10 


0,93 
0,36 
0,45 
1) 26 
0,54 
0.76 
0,24 
0,74 
0,90 
0,49 


0,02 
0,04 


while histidine, cystine, and cysteine are present The data presented Tables and provide evi- 


small amounts the remaining amino acids 
each represent the total. the second case, 
the amino acid composition reflects the character 
silk proteins being synthesized; there are large amounts 
glycine, alanine, serine, and tyrosine, while the other 
amino acids are present only slight amounts. 


dence changes proteins the tissues investigated 
during development the larva the fifth instar. 
view the fact that the over-all composition tissues 
and organs changes considerable extent during de- 
velopment, while the amino acid content protein 
with 16% nitrogen represents arbitrary value obtained 


4,18 4,53 5,08 7,26 
3,51 
0,06 0,19 
0,13 0,29 
0,58 
0,13 0,37 
0,13 0,89 
0,23 
0,06 
0,55 
0,09 0,17 
0,05 0,23 
0,08 
0,12 
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TABLE Change the Amino Acid Composition Proteins from Various Organs and 
Tissues Silkworm During the Period from the First Day the Fifth Instar the Time 


Just Prior Spinning the Cocoon (in 


Intestinal 


Amino acids wall 


Glycine 

Alanine 

Valine 

Leucine and isoleucine 
Aspartic acid 
Glutamic acid 
Serine 

Threonine 

Cystine and cysteine 
Afginine 

Lysine 

Histidine 

Proline 
Phenylalanine 
Tyrosine 


*In relation the whole gland. 


calculation and not taking into account the nitrogen- 
ous material insoluble 75% alcohol, appropriate 
evaluate change proteins the basis amounts 
the individual amino acid components. 

The appropriate calculations, based the data 
the ratio amino acid content before spinning the 
cocoon that the first day the fifth instar, the 
value obtained will indicate the average increase the 
given amino acid. 

The minimum increase, about three-fold, was 
found the intestinal wall. the muscles, fat body, 
hemolymph, and silk gland, bound amino acids increased 
The greatest increase, 70-fold, was observed 
the contents the silk 

This increase accompanied changes the 
proportionate amounts individual amino acids. 
the increase each amino acid expressed per- 
centage the over-all increase amino acids 
given tissue organ, set values obtained which 
characterizes the change proteins that tissue or- 
gan, Results such calculations are presented Table 


the muscles and intestinal wall, the proportion- 
ate amounts amino acids show changes which are 
the average within the limits error the fat 
body and hemolymph these changes are 2-3 times 
excess these limits, and the wall the silk gland 
and especially its inner contents they become ex- 
tremely high (Table 5). 

fifth instar larva the protein composition muscles 
and intestinal wall does not undergo substantial altera- 
tion; the only change one quantity protein, 
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Muscles 


Wall 
silk 
gland* 


Contents 
silk 
glands 


82,1 
—45,4 72,6 
79,1 
0,2 16,2 
-—40,8 73,3 
18,4 
66,8 
—39,3 71,4 
0,2 20,6 
—18,0 75,4 
—27,1 42,2 
77,6 
—18,0 0.3 


which increases with organ growth. contrast, the 
fat body, hemolymph, and silk gland there not only 
considerable accumulation proteinaceous material, 
but also extensive reorganization protein. Amino 
acid composition alters with larval development, with 
new proteins characteristic the given period growth 
being synthesized and laid down. 

With the data Table possible trace the 
accumulation bound amino acids during development 
the fifth instar larva. Knowing the amount amino 
acid laid down during this period [1], the relative amount 
accumulated given tissue can calculated. Such 
calculation reveals that the main portion incorpora- 
ted the silk gland and the hemolymph, while the 
other tissues there lower level incorporation, 
marked differences being noted from tissue tissue. 

These conclusions the lability proteins 
various tissues the silkworm are good agreement 
with those based other methods, For example, 
quantitative determination changes protein frac- 
tions the hemolymph fifth instar larva, and 
certain amino acids these fractions indicated 
rate protein turnover this tissue [9]. Investigation 
the fate nitrogen various tissues silkworm, 
including hemolymph, also revealed that hemolymph 
proteins play not inconsiderable role supplying the 
silk gland with amino acids; males, proteins the 
fat body also serve source supply, while the inte 
gument, muscles, and gonads are inactive this re- 
spect [10]. Incorporation into pro- 
teins the silk gland wall, hemolymph, and fat body 
considerably greater than into muscle and intestinal 
wall proteins Although differences among tissues 
incorporation were not marked, the 


Hemol 
body 
ymph 
* 
3,4 4,9 25,5 
0,4 —17,9 —25,8 
1,9 6,2 8,2 
—10,4 7,6 15,4 
Ps 
19,4 44,4 


same order activity was found: silk gland contents, 
silk gland wall, hemolymph, fat body, intestinal wall. 
the experiments Sisakyan al. [12-17] with silk- 
worm pupae, the important role the hemolymph 
protein and amino acid metabolism during metamor- 
phosis was firmly established; this supported 
study the metabolism other materials, especially 
carbohydrates, silkworm hemolymph [18]. 

assessment protein metabolism various 
silkworm tissues, notice should taken results 
many workers who studied enzymatic activity these 
tissues, 

Simura al. [19] showed that the silk gland con- 
tains proteinase, while has active transaminases 
and phosphoamidase [19]. There are number 


reports proteases the hemolymph the fifth 
instar silkworm larva, including those with opti- 
mum the acid range and those with optimum 
the alkaline range [21-24]; vigorous nuclease has al- 
been reported [24]. special interest, however, are 
data the comparative activity enzymes involved 
protein and amino acid metabolism the various 
tissues [25-32]. These enzymes are particularly active 
the silk gland and the intestinal wall, fairly active 
the fat body, and weakly active the hemolymph, 
even though here all the proteolytic enzymes character- 
istic the other tissues are also present. Possibly this 
certain extent way station the transfer proteins 
and amino acids from the digestive tract and the fat 
body the silk gland. Nevertheless, should em- 
phasized that the role the hemolymph cannot re- 
duced merely one transport. possesses unique 
nitrogen metabolism, which plays not inconsiderable 
part silkworm development, especially the critical 
periods, larval molting, spinning the cocoon, meta- 
morphosis. this connection, enzyme characteris- 
tic hemolymph the "pH enzyme", which medi- 
ates incorporation amino acids into protein [33]. 

Although our experimental data not permit 
say that changes the amino acid composition 
hemolymph proteins are the result degradation and 
synthesis the hemolymph itself rather than movement 
proteins from the intestinal wall the fat body, 
are inclined this point view the basis pub- 
lished not, however, completely reject 
the alternative view. Probably both processes occur. 
There doubt that the high activity enzymes 
the intestinal wall related primarily digestion and 
that other aspects protein metabolism are consider- 
ably less important. 

Thus, the pattern enzyme activities associated 
with protein and amino acid metabolism various 
tissues the silkworm shows general correlation with 
patterns protein reorganization these tissues which 
were elucidated this laboratory. 


SUMMARY 

Within certain limits, the quantitative amino acid 
composition proteins number silkworm tissues 
(intestinal wall, muscles, fat body, hemolymph) shows 
little variation, Some other tissues, however, have 
distinctive composition. For example, proteins the 
silk gland are characterized high levels alanine, 
glycine, serine, and tyrosine, and minimum levels 
cystine plus cysteine, lysine, and valine. Prior 
cocoon formation, hemolymph proteins contain much 
tyrosine, while the beginning the fifth instar they 
are rich lysine and relatively poor phenylalanine 
and leucine plus isoleucine. the fat body, glutamic 
acid low prior cocoon formation. 

the course larval development, during the 
fifth instar, not only the amounts bound amino acids, 
but also their relative proportions, change the silk 
gland, hemolymph, and fat body. There little 
change relative amounts amino acids the intes- 
tinal wall and the muscles. 

Protein metabolism most rapid the silk gland 
and hemolymph, somewhat less rapid the fat body, 
and sluggish the muscles and intestinal wall. 

are deeply indebted Academician 
Sisakyan for valuable advice given the source 
this study. 
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elucidation the chemical specificity 
nucleic acids related phylogenesis, important 
know the identity and sequence the component 
nucleotides, However, there are suitable methods 
for determining sequence the present time, and 
are limited investigation composition. 

large number studies have been devoted 
the composition DNA and RNA from various sources, 
but information relating the whole range living 
types far from complete this respect. Nucleic acids 
insects have been almost completely neglected, 
there being only scattered references the nucleotide 
composition insect DNA. This can attributed 
the difficulty isolating DNA from insect tissues 
form suitable for 

1951, Wyatt [1] reported the nucleotide 
composition grasshopper DNA. According his 
data, the coefficient T/G which expresses the 
molar ratio component nitrogen bases adenine, 
tides and characteristic DNA given species 
[2], proved This “specificity coefficient" 
differed from those other (1.30* for DNA 
cumber, wheat) another study Wyatt [3] 
reported the nucleotide composition DNA silk- 
worm and nun-moth, pointing out that the DNA's 
insects differ from those their infecting viruses. 
this study quantitative data were included. 

Sisakyan and Gumilevskaya [4] determined the 
composition DNA eggs from silkworm 
specificity coefficient was 1.26. Material analyzed 
was unpurified DNA obtained from dried tissues the 
method Spirin and Belozerskii [5]. 

Preliminary results determination the 
nucleotide composition DNA from silkworm, oak- 
moth, and the house fiy have been reported [5]. The 
high-polymer were isolated from whole silk- 
worm pupae and fly larvae variant Gulland's 
method, using sodium citrate all stages isolation 
[6]. Specificity coefficients 1.43 and 1.49 were ob- 
tained with different preparations silkworm. 


Published information the inhomogeneity 
DNA [7-9] necessitate measures ensure that all the 
DNA given tissue isolated, far this 
possible. therefore extracted tissues several times 
and, moreover, thoroughly washed dry tissue 
with acid prior extraction and then suspended 
alkali; finally, extracted total DNA was not purified 
before analysis [4, 5], change extraction method 
consisting omission the preliminary washing out 
acid-soluble phosphorus dried bacteria rep- 
resented improvement isolation conditions, since 
acid medium affects DNA composition. Results 
preliminary experiments showed, however, that DNA 
preparations obtained the method Spirin and 
Belozerskii 11] from silkworm pupae were strongly 
contaminated with substances which interfere with sub- 
sequent chromatographic separation nitrogen bases. 
Bendich indicates [7], heating powders solu- 
tion NaCl instead base results precipitation 
proteins, while nucleic acids into solution, With 
this procedure, were able obtain purer prepara- 
tions from silkworm. 


This communication concerned with the 


method isolation DNA from insects and mammals 
and analysis its nucleotide composition. 


METHODS 

Material. Pupae and starved larve the third 
fifth instars silkworm and oak-moth, also 
house fly larvae, were frozen liquid air free- 
zer. Mice and rats were decapitated and their organs 
quickly removed and frozen. Frogs and some the 
mice were frozen whole (without skin and alimentary 
tract). Organs the (calves, cows) were frozen 
immediately after sacrifice the animals, being trans- 
ferred from the chopping block ice. The organs 
many animals were pooled for isolation DNA. Fro- 
zen tissues were minced with shears. 


and elsewhere) are ours. 
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METHODS ISOLATION DNA 
Method Isolation according one the 
variants Gulland's method [6]. Tissues and organs 
which had been frozen condition for minutes 
hour were homogenized 0.14 NaCl with citrate 
cooled 0°; after several washings with the same solu- 
tion, the solid material was centrifuged off. Nucleo- 
proteins were extracted three times with NaCl con- 
taining citrate for hours each time After reprecipi- 
tation with ethanol, the nucleoprotein was dissolved 
with citrate and freed protein treatment 
with chloroform and alcohol. DNA was then 
precipitated with ethanol. 

Method Powders containing unpurified DNA 
from dried tissue were prepared the method 
Spirin and Belozerskii [5, 11] without preliminary 
washing out acid-soluble phosphorus. 

Method Powders containing unpurified DNA 
were obtained according Bendich [7]; extraction 
nucleic acids was carried out NaCl adjusted 

Method (combined). Frozen minced tissue was 
homogenized twice blendor with 96% ethanol 
cooled 0°, then twice cold mixture ethanol 
and ether (1:1 volume), then twice ether, the 
solid residue being removed centrifugation. The 
air-dried tissue was ground powder and aliquot 
extracted and repeatedly washed with 10-20 volumes 
(for tissues with low DNA content, 5-10 volumes) 
NaCl, for hour 100°. Nucleic acids were 
precipitated the cold with three volumes ethanol, 
and the precipitate was hydrolyzed with 0.5 NaOH 
for hours was precipitated with chloric 
acid adjusted 3-3.5, all solutions and containers 
being kept very cold. The precipitate was thoroughly 
washed twice with cold 0.2 chloric acid, ethanol, 
mixture ethanol and ether, and ether. The air-dried 
powders (DNA preparations) were then analyzed. 

Method High-polymer DNA was obtained 
according Hammarsten [12], with nucleoproteins 
being extracted with water and without the use nuc- 
lease inhibitors. 

Method This the old method Neiman, 
described Steudel [13], which tissue hydrolysis 
with hot alkali leads partial destruction DNA and 
also inhibition nuclease activity. 


ANALYTICAL AND PHYSICOCHEMICAL METHODS 
Determinations DNA, RNA, protein, 
and molecular weight DNA were made previously 
described [6]. Nucleotide DNA was in- 
vestigated chromatography [14]. Chromatograph 
paper was thoroughly washed with HCl [15] with 
acetic acid, then with water, and then dried. Each 
applied 5-7 parallel paper strips. 
Preparations were analyzed after several days even 
week, since analysis parallel aliquots the same 
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day usually yields identical Experimental and 
control strips, after examination UV(light filter UFS-1) 
were cut into equal parts containing spots nitrogen 
bases. Extinction the eluates was measured 
SF-4 spectrophotometer against the solvent, 0.1 HCl). 
Extinction the control eluates was subtracted from 
extinction the corresponding experimental eluates 
minimize the error from unequal distribution con- 
taminants remaining after washing the strips. Calcu- 
lations amounts nitrogen bases were made accord- 
ing Spirin and Belozerskii 


RESULTS 

High-polymer DNA preparations from insects and 
mammals had the form fine white threads clumped 
into The admixture RNA comprised less than 
1%, protein, water content was 20% (pre- 
parations dried air). Molecular weight DNA from 
silkworm pupae was 1.0-1.5 million, from mice, 4-4.5 
million. 

DNA preparations and powders containing un- 
purified DNA, which were obtained methods 

and were white, gray yellowish color. The 
viscosity their solutions was low. Only preparations 
from the thymus, obtained method gave viscous 
solutions, but their viscosity was times lower than 
that solutions high-polymer DNA. 

Data the yield DNA-containing powders 
obtained methods 2-4, and their content DNA 
salts compared with that preparations obtained 
method are presented Table The yield DNA- 
containing preparations made from dry tissues silk- 
worm method higher than that preparations 
made methods and but the DNA concentration 
lower, i.e., they are more contaminated. this 
case, method gives the best result, since preparations 
made this method have the highest DNA concentra- 
tion. (DNA concentration plays large role subse- 
quent chromatographic 

similar DNA preparation could not obtained 
from dried tissues pupae method 
probably because the very low 
(less than mg%) There was very little DNA 
preparations from dry liver tissue mice and frogs, the 
nitrogen bases being hardly distinguishable chroma- 
tograms. Powders from dry tissues mouse and rat 
spleen and kidney and calf thymus had lower DNA 
concentration than did high-polymer preparations. DNA 
obtained from insects and frogs method was more 

According method after alkaline hydrolysis 
ribonucleotides were washed with weak acid and then 
with alcohol. attempting precipitate these nucleo- 
tides from alcohol with ether, obtained powders with 
the following "DNA salt" concentrations (determined 
according Webb): 2.6% for silkworm, and 1.6% for 
thymus. The reaction employed indicated the presence 


A 
fe 


TABLE Yield Preparations Made Various Methods and 
Their Content the Sodium Salt DNA 


wit 
ak-moth: 
Mice: 
bel 
118 
spleen 36,6 35,0 
kidneys 120 44,0 34,6 
Rats: 
idneys 112 33,3 
72,3 


TABLE The Effect Two Methods Washing Chromatographic Paper Deter- 
Molar Ratios DNA Nitrogen Bases 


Acid used washing papers 
HCl acetic 
DNA source tion 

Silkworm 1,00 0,99 0,99 1,44 0,99 0,97 1,61 
Mice 0,99 0,97 0,98 1,35 0,99 0,95 0,97 1,44 
Rats 1,01 0,92 0,96 1,32 0,97 1,00 0,99 1,47 


Upon chromatographing hydrolyzates 
the powders, found weak spots for guanine, ade- 
nine, cytosine, and thymine, but uracil. This com- 
pels the conclusion that, despite all precautions, treat- 
ment with acid entails small acid hydrolysis DNA. 
the course the study became clear that 
the method washing chromatographic paper very 
important obtaining reproducible results nucleo- 
tide analysis. Table shows that while makes little 
difference whether the paper washed with 
acetic acid far the ratios G/C, A/T, G/C+ 
are concerned, the specificity coefficient does vary 
with washing agent. The values were consistently some- 
what higher when acetic acid was employed. Probably 
they are closer the true values, since acetic acid 
more effective washing out con- 


further presentations results chro- 
matography, therefore, the method washing indicated. 

Results analysis DNA preparations obtained 
various methods are summarized Table 
making the table, confirmed previous reports 
and [26], touching DNA carp, ox, mice, 
and rats, that from various organs single 
animal are identical nucleotide composition. 

Table shows that DNA's silkworm, mice, rats, 
and obtained high-polymer form method and 
unpurified from method have practically iden- 
tical nucleotide compositions, confirming Chargaff's 
rule. The small acid hydrolysis occurring during treat- 
ment method not reflected nucleotide com- 
position, possibly because chromatographic analysis 
not very accurate. The specificity coefficients for DNA 
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DNA source 


Silkworm: 
whole 


Oak-moth: 
whole 


House fly: 
whole 
Ox: 
liver 


thymus 


liver 
liver 
spleen 
Mice: 
whole 
x** 
Frogs: 
whole 


washing agent 


0,98 
1,08 


0,97 
1,03 


0,99 
1,06 
1,00 
0,87 


Spots poorly visible 


*Method differs from method temperature employed during isolation. 
Average values from analyses nine different preparations. 


insects are consistently higher than those for DNA 

conditions isolation method are not 
strictly adhered to, the composition DNA deviates 
from rule. The G/C value for preparation 
No. from mice (Table 3), which was obtained under 
temperature conditions other than those prescribed 
the method, was reduced 0.87; this value was obtain- 
repeated determinations. Isolation DNA from 
calf thymus method yielded preparation with 
ratios nitrogen bases characteristic native DNA, 
but the specificity coefficient this case was consis- 
tently higher than values obtained analysis 
wholly unsuitable for obtaining DNA from insects 
frogs; ratios nitrogen bases such preparations were 
extremely distorted; and therefore have not been pre- 
sented. This method yields preparations from calf thy- 
mus, which had high DNA content, with the same 
nucleotide composition that preparations obtained 

chromatograms hydrolyzatesof DNA ob- 
tained from insects methods and and from oak- 
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moth, frogs, and mouse liver method the spots for 
nitrogen bases were hardly visible, and cytosine and 
thymine were often completely undetectable, even 
though the size aliquot taken for hydrolysis was in- 
creased. The small quantities hydrolysis products 
make difficult detect bases the paper and reduce 
the accuracy further analysis. the analysis pre- 
paration 110, for example, the total micromoles base 
fluctuated from 0.120 0.140 six chromatograms. 
The coefficients G/C, A/T, and G/C averaged 
but the specificity coefficients were 
much below those usually found for the species ques- 
tion. The total amount bases optimal for analysis 
nucleotide composition DNA micro- 
moles. 


DISCUSSION 
This study has shown that the isolation DNA 
methods which ensure maximum extraction from 
tissues and minimum destruction, molar ratios the 
component bases conform Chargaff's rule, i.e., G/C, 
tions have shown that the average value these ratios 


TABLE Nucleotide Composition DNA Isolated Various Methods 


TABLE Molar Ratios Nitrogen Bases DNA Obtained Various Workers 


Molar 


1,03 1,05 
worm| 0,96 0,96 


DNA 
aper washed with 


Isolation 


0,99 0,98 his stud 
methods 
Paper washed with 
1,55 
1,08 1,12 1,21 HCOO 
1,00 1,00 1,00 1,33 Hydrolysis 
1,02 1,05 1,46 COOH 
1,90 1,01 1,01 1,45 his study 


inhibition nu- 
clease Hydrolysis 

hibition 
Hydrolysis HCl. 
Separation 

starch column 


= 


Close 


1,36 
Paper washed with 
1,35 his study 


*Calculated several cases from published data. 


exactly one (Table analysis nine preparations 22] are very far from one; this can attributed pecu- 
DNA from mice). liarities the methods isolation and analysis 
Data obtained this laboratory and elsewhere ployed these studies. The same thing true the 
molar ratios nitrogen bases from DNA's various deviant values for mouse DNA found Schneider 
origins are presented Table Our data nucleo- not surprising that our value for the specificity co- 
tide composition DNA are similar those efficient mouse DNA [10, this study] differ from that 
Chargaff and Zbarskii [19], which were obtained Schneider. The discrepancy specificity coefficients 
similar methods isolation and analysis. The silkworm DNA obtained this laboratory and else- 
specificity coefficient for DNA isolated without pro- probably associated with the low DNA con- 
tection from nuclease action, and hydrolyzed with for- centration the preparations obtained the method 
mic hydrochloric acid, proved different [1, 23]. Spirin and Belozerskii [5] from insect tissues. 
Probably, this case failure inhibit nuclease played These and other data bear witness the fact that 
part, that some the adenine and cytosine was the methods isolation and analysis are great sig- 
destroyed during treatment with formic acid. That such nificance assessing the nucleotide composition 
destruction could occur has been indicated [25]. Results DNA's from various sources. Conformity Chargaff's 
our analysis rat DNA are agreement with those tule one the main criteria correctness method, 


Abarskii [19], except that did not find increased though not the only one. 

G/C ratio. Wyatt [1] obtained lower specificity co- 

efficientthan ours. This probably associated with his SUMMARY 

use formic acid hydrolysis. The values G/C, Certain methods DNA isolation have been 
A/T, and G/C obtained some workers [21, studied along with procedures which increase accuracy 
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| 
1,00 1,02 1,00 
. 
0,99 1,01 1,00 
1,01 


chromatographic analysis nucleotide composition. 
The method DNA analysis without isolation from 
tissues (silkworm pupae and certain organs mammals) 
proposed the authors gives the same results analy- 
sis purified high-polymer DNA preparations: Molar 
ratios nitrogen bases obey Chargaff's rule for native 
similar both cases. These “specificity 
insect DNA (silkworms, domestic fly) are higher than 
the respective coefficients mammalian DNA (ox, rat, 
mouse). Inadequate methods isolation and certain 
features this procedure which damage DNA change 
nitrogen bases ratios isolation DNA that they 
not obey Chargaff's rule. 
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The enzyme system which catalyzes amino acid 
synthesis from pyruvic acid and ammonia kidney 
found not only the mitochondria, liver, but 
also other cell organelles almost the same concen- 
tration The distribution this system kidney 
cells therefore differs considerably from that liver 
cells. was interest find out whether differs 
from the liver system other ways well. seemed 
primary importance study its electrophoretic pro- 
perties, since Berezovskaya [2] was able isolate the 
enzyme form from liver mitochondria 
starch electrophoresis. second objective our study 
was separate the enzyme system question from 
transaminase also present kidney, Berezovskaya [3] 
was able for the corresponding enzymes liver 
mitochondria, 


METHODS 

Rat kidney homogenates were fractionated the 
same manner previously described [1]. The fraction 
obtained after removal mitochondria centrifugation 
20% homogenates 12000 rpm for min served 
the enzyme source. This fraction comprised supernatant 
liquid plus microsomes. Since its activity was compara- 
lyophilization and suspension the residue small 
volume phosphate buffer. was established sepa- 
rate experiments that this procedure does not notice- 
ably reduce enzyme activity. The original concen- 
trated fraction was subjected electrophoresis starch 
for 16-18 hours. the conclusion electro- 
phoresis the starch block was cut into separate strips 
and each strip was extracted with potassium phosphate 
buffer. the eluates, obtained previously described 
[1], rate amino nitrogen synthesis from pyruvic acid 
(final concentration, per sample) and ammonium 
carbonate (60 per sample) was determined. Total 
protein was determined method separate 


samples and rates synthesis were calculated the 
basis protein nitrogen. 

those experiments which parallel determina- 
tions transamination rate were made, transamina- 
tions acid and alanine and between 
a-ketoglutaric and aspartic acids were measured. 
both cases, the increase glutamic acid was measured, 
using method [4], after separation paper chro- 
matography (solvent system, butanol acetic acid 
water). 


RESULTS 

study the electrophotretic distribution pro- 
tein nitrogen the supernatant liquid containing micro- 
somes revealed that the maximum amounts exceeding 
500 per sample,* were concentrated fractions 
Table shows, synthesis amino acids from 
keto acids concentrated mainly fractions 5-6, i.e., 
the fractions adjacent the site application (frac- 
tion the side toward the the majority 
experiments 11), 70-100% all the activity 
was concentrated this fraction. other experiments, 
more less perceptible activity was sometimes ob- 
served fractions 1-2 and 3-4, i.e., fractions closest 
the anode. More frequently, activity could de- 
tected fractions 8-9, 10-11, i.e., fractions next 
the cathode. these data are compared with those 
Berezovskaya the electrophoretic separation 
extracts disrupted liver mitochondria, easy see 
that according electrophoretic mobility the kidney 
fraction containing activity differs markedly from that 
liver. Only fractions 1-2 and 3-4 from the liver, 
counting from the anode, contain activity; those 


*In fractions 1-6 the content protein nitrogen 

the edge low less; certain cases large 
quantity protein nitrogen observed; fractions 
10-11, lying close the cathode, where constituted 
protein nitrogen per sample. 
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TABLE Synthesis from Keto Acids and Ammonia Amino 
Nitrogen Fractions Microsome-Containing Supernatant 
Liquid Which Were Obtained Starch 
amino acid per nitrogen) 


Pyruvic acid 


4,33 


Oe 


oooooooeoco 
an o 

on 


acid 


po 


*Site application. 


TABLE Rate Transmination Between Aspartic and 
glutaric Acids and Between Alanine and a-Ketoglutaric Acid 
(II) Fractions Obtained Starch Electrophoresis Micro- 
some-Containing Supernatant Liquid Expressed Increase 


Cathode 


*Site application. 


the system mediating synthesis from pyruvic acid. 


fractions migrating toward the cathode, activity 


was ever observed. Distribution glutamic dehydrogenase among kidney 
These data synthesis amino acids from fractions is, therefore, different from that associated 

keot acid were obtained with pyruvic acid with liver mitochondria fractions; the latter case, 

was considerable interest localize starch activity was found mainly the zone greatest trans- 

electrophoresis another amino acid-synthesizing system, amination activity, i.e., fraction 7-8, located the 

namely glutamic dehydrogenase, which catalyzes syn- immediate vicinity the site application. 

thesis glutamic acid from a-ketoglutaric acid (Table this connection, was possible partially 

1). separate the enzyme mediating direct amination 
Distribution this enzyme among the fractions pyruvic acid from giutamic dehydrogenase mito- 


obtained starch electrophoresis was the same for that chondriai extracts; our kidney fractions, however, this 
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separation could not effected. This indicates that 
amination pyruvic acid and ketoglutaric acid the 
hyaloplasm and microsomes kidney accomplished 
enzymes which possess similar electrophoretic mo- 

The situation differs with respect separation 
the enzyme for pyruvic acid amination from those 
mediating transamination between aspartic and keto- 
glutaric acids and between alanine and ketoglutaric 
Data touching this are presented Table 

these data show, both transaminases are found 
only the fractions moving toward the cathode (frac- 
tions 8-9, 10-11, not single experiment 
was transaminase activity found those fractions con- 
taining the enzyme for amino acid synthesis from py- 
ruvic acid, i.e., fraction 5-6. 

has therefore been possible separate clearly 
the enzyme mediating amino acid synthesis from pyru- 
vic acid from the chief should 
pointed out that all transaminase-containing frac- 
tions the activity the glutamic-oxalacetic trans- 
aminase considerably higher than that the glutamic- 
pyruvic This especially clear frac- 
tions 10-11 and 12-13, where for the most part only 
glutamic-oxalacetic transaminase present. 


CONCLUSIONS 

The activity enzyme system catalyzing 
amination pyruvic acid microsome-containing 
supernatant obtained differential centrifugation 
rat kidney homogenate proves associated with 
protein fraction moving toward the anode during 
starch electrophoresis. Only small part the activ- 
ity, not more than 30% moves toward the cathode 

Glutamic dehydrogenase concentrated these 
same fractions, determined rate synthesis 
amino acid from acid. this connection, 
the microsome-containing supernatant obtained from 
kidney homogenates differs from mitochondrial extracts 


rat liver, which the enzyme catalyzing synthesis 
from pyruvic acid can partially separated from glu- 
tamic dehydrogenase electrophoresis. 

the kidney preparation, the enzyme catalyzing 
synthesis from pyruvic acid can separated from glu- 
tamic-pyruvic and glutamic-oxalacetic transaminases. 

such preparation, glutamic-oxalacetic trans- 
aminase activity considerably higher than that 
glutamic-pyruvic transaminase. 

wish thank Professor Kaplanskii for his 
unflagging direction and assistance this study. 


SUMMARY 

Amino acid synthesis from keto acids and am- 
monia has been followed the microsome-contain- 
ing supernatant fraction obtained differential cen- 
trifugation kidney. Partition these fractions 
starch electrophoresis showed that amino acid syn- 
thesis from pyruvic acid most rapid fractions mi- 
grating towards the anode. 

the same zone glutamic dehydrogenase, which 
catalyses synthesis glutamic acid from 
taric acid, showed its highest activity. The enzymes 
transamination between aspartic and 
acids and between and have 
been found only fractions migrating toward the 
cathode. Thus, means electrophoresis, 
possible separate completely the above structurai 
elements the kidney the enzyme catalyzing alanine 
synthesis from pyruvic acid, from the glutamic-pyruvic 
and glutamic-oxalacetic transaminases. 
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the course study adenosine phosphoric 
acid metabolism rats with alloxan-induced diabetes 
made comparative study rats poisoned with 
dinitrophenol (DNP) and found changes opposite nature 
the relative specific activity (RSA) the terminal 
phosphate ATP liver and muscles. liver, was 
reduced almost twofold, while muscles was some- 
what increased. was interest determine whether 
these differences nucleotide metabolism between 
liver and muscle DNP-poisoned animals involved only 
the rate metabolism terminal phosphate ATP, 
whether they also involved levels adenosine phosphoric 
acids these organs. 

The effect DNP, one the strongest uncoupling 
agents, has been studied vitro detail with prepara- 
tions from various tissues, and also vivo, using whole 
microorganisms. vivo studies the disruption 
animal metabolism associated with DNP administration 
are considerably fewer number. have investigated 
changes nucleotides, mainly adenosine phosphoric 
acids, liver and muscle DNP-poisoned rats. 


Experiments were carried out white rats weigh- 
ing from 180 250 group animals (10-15 rats) 
peritoneal injection the basis DNP per 
weight. Control experiments were performed groups 
normal rats. Several minutes after DNP administra- 
tion the animals exhibited shortness breath and loss 
mobility and they refused food. After hours, 
they were sacrificed while under narcosis, the 
barbamyl being administered minutes prior killing 
the basis per 200 weight. Immediately 
afterwards the chest and abdominal cavities were open- 
ed, the heart slit, the blood rapidly drained off, and the 
liver muscles removéd. These were frozen with dry 
ice liquid air, ground mortar, weighed, and ex- 
tracied with equal volume cold 10% TCA. The 
mixture was centrifuged, the supernatant filtered off, 
the solid residue extracted second time with half 
volume TCA and centrifuged; the supernatant was 
filtered off and pooled with the main filtrate. 
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Nucleotides were adsorbed from the TCA filtrates 
directly onto GOST 4453-48 activated charcoal, 
using charcoal per unit extract 
measured 260 [2]. The charcoal was separated 
centrifugation, thoroughly washed with dilute TCA 
and then with water, and eluted twice with 40% ethanol 
containing ammonia, elution being carried out with 
shaking [3]; each elution, the eluant volume was equal 
the volume the original TCA Extent 
adsorption and elution was determined measurement 
extinction 260 Yield after two successive 
elutions was usually equivalent 80% Since 
was increased only very slightly third elution, this 
was Ethanol was added the eluate final 
concentration 48% (some the experiments with 
liver) 72% (remaining experiments). Nucleotides 
were precipitated the barium salts with barium ace- 
tate, the salts being removed centrifugation and dried 


Nucleotides were separated with anion exchange 
resin AB-17 Dowex-1 the chloride form. most 
1300 extinction units), sometimes less, depending 
yield, was applied 1.1 column. Nuc- 
leotides were first converted the soluble sodium salts 
treatment the barium salts with solution 
For separation adenosine phosphoric acids 
AB-17 column, used previously described 
method [4], which easily modified obtain large 
number fractions. Solutions the same concentration 
were used for eluting Dowex-1 and AB-17 columns. 
Elution was followed measuring extinction 260 
Each peak was taken off separate fraction; those 
samples with maximum extinction were subjected 
isolation fractions with extinction not less than 
units, contents tubes were pooled, the extreme 
tubes discarded, and neutralization carried out 
rapidly possible, fractions were stored refrigera- 
tor until resumption column separation procedures, 
which took 3-5 days. Nucleotides were freed salts 
and concentrated second adsorption activated 


a 
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TABLE Adenosine Phosphoric Acid Con- 
tent (in total Nucleotide Frac- 
tion, the Form Barium 
Salts the Presence 48% Alcohol, from 
Liver Normal and DNP-Poisoned Rats. 

experiments with poisoned animals, they 
were killed hour after administration 


DNP 


For this, solutions were acidified once again 
and absorbed under the same conditions those 
used the isolation the total nucleotide fraction 
charcoal per extinction unit); columns were eluted 
with the same eluting solution three times, each time 
onthe basis per ten extinction units for fractions 
with not less than 100 units; fractions with lower nucleo- 
tide content were eluted with increased amounts elu- 
ting fluid, that for those fractions with the lowest 
extinctions was not less than for each elution. 
Average recovery was 80%, although number 
experiments was considerably lower result 
losses during preparation, chiefly during centrifugation 
with charcoal. Alcoholic solutions the fractions were 
vacuum distilled 30-35° dryness. For identification 
the fractions and determination whether the individual 
peaks represented single substances mixtures, fractions 
were dissolved distilled water volumes from 0.2 
ml, depending concentration, and 
paper five solvent systems: phosphate isoamyl 


alcohol [5]; isobutyric acid versene [6]; 
ammonium acetate, [8], with versene and oxy- 
quinoline added; n-propanol H,O [9], with 
versene and oxyquinoline. the last two cases, sepa- 
ration was continued for two days, after which new 
portion solvent, but without versene and oxyquinoline, 
was added the tray and separation was continued for 
two days longer, according the method Venkstern 
and Baev 

Procedures employed paper chromatography 
have been described earlier [4]. Chromatographically 
pure preparations ATP, ADP, AMP, DPN, IMP, UMP, 
and UDP served Other nucleotides were 
identified the position peaks during elution from 
column, absorption spectra, fluorescence 
(guanine and pyridine nucleotides), nitroprusside and 
enzyme reactions (CoA), and values obtained 


TABLE Content Adenosine Phosphoric Acids (in 
Total Nucleotide Fraction, Precipitated 
the Form Barium Salts the Presence 72% Al- 
cohol, from Liver and Muscle Normal and DNP-Poi- 
soned Rats. experiments with poisoned animals, 
they were killed hours after administration DNP 


Exptl. 


Liver 
15.0 30.7 23.7 
DNP poisoning Traces} 14.4 51.6 
Muscles 


various solvent systems. several experiments addi- 
tional tests for more complete identification were 
carried our, for example treatment with bromine 
water, 


RESULTS 

Results determination adenosine phosphoric 
acid content nucleotide fraction from liver nor- 
mal and DNP-poisoned rats are summarized Table 
this series experiments the nucleotide fraction 
was obtained the barium salt the presence 48% 
alcohol. the table shows, total adenosine 
phosphoric acids comprises from 73% all nuc- 
leotides normal ATP, 18-26%, ADP, 29-46%, 
and AMP, 5-9%. 

rats poisoned with DNP, ATP levels were 
sharply reduced (to 2.7-5.8%), ADP fell perceptibly 
only some experiments (expt. 4), and AMP increased, 
but not always significantly (expt. 6). Total content 
adenosine phosphoric acids the nucleotide from liver 
decreased somewhat (to 49-65%). With the method em- 
ployed this series experiments, that precipitating 
nucleotides the presence 48% alcohol, AMP and 
other nucleotide monophosphates were not recovered 
completely. Since DNP-poisoning the greatest in- 
creases would expected the AMP fraction liver, 
succeeding experiments with both liver and muscle, 
nucleotides were precipitated (in the form barium 
salts) the presence three volumes 72% alcohol. 
Results obtained for liver and muscle are presented 
Table order get more pronounced changes 
the nucleotide fractions after DNP administration, time 
between administration and sacrifice the animals was 
increased hours. 
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Expt. 
9 


294 


Solvents, 
Fig. Separation individual nucleotides (nucleotide fraction precipi- 
tated the presence 72% alcohol) from liver normal rats Dowex-1X 
AMP; IV) UMP unidentified adenine derivatives; GMP; VI) unidentified 
compound IMP; VII) ADP; VIII) GDP S-S-CoA; IX) ATP; GTP. Figures 


The data presented Table show that when 
nucleotides from liver are precipitated the presence 
72% alcohol their components are considerably alter- 
amount, there being increase the AMP frac- 
tion. normal rats, ATP corresponds 15% the total 
ADP 26-31%, and AMP 24-29%; altogether 

the adenosine phosphoric acids comprise 69% the 

total nucleotide. DNP-poisoned rats, ATP falls sharp- 
(from traces ADP falls average 38%, 
and AMP rises markedly, 77% the average, comprising 
about half the total nucleotide. The total content 
adenosine phosphoric acids not perceptibly 
the nucleotide fraction from muscle normal 
rats (Table 2), the ATP content 68% the 

total, ADP and AMP only 2-4%; all, adeno- 
sine phosphoric acids make 84% all nucleotides. 

DNP-poisoned rats, there small decrease ATP, 
the average, some increase ADP, 30%, and 
slight increase AMP, 5.5%. The IMP (inosinic 
acid) fraction, which might have been expected in- 
crease muscle with DNP-poisoning, also rose slightly, 
will shown the elution 

DNP-poisoned rats, therefore, there are marked 
differences liver and muscle with respect changes 
the nucleotide fraction. While the changes induced 
liver were characteristic those associated with DNP 
action, i.e., marked decrease ATP and concurrent 
increase AMP, those muscle were slight. 
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order present more complete picture 
changes the nucleotide fraction induced DNP-poi- 
soning, elution curves are shown Figs. 1-4. 

these experiments, CMP was identified the 
position its elution peak and its absorption 
spectrum before and after bromination 5). DPN 
was identified its blue fluorescence after 
ing the chromatogram with KCN [11], the sky- 
blue fluorescence after exposure the chromatogram 
vapors acetone mixture [12], and the 
identity its with that DPN marker. Guanine 
nucleotides were identified position their elution 
peaks, violet fluorescence the chromatogram after 
treatment with HCl vapor [10], and Rf. CoA was 
identified the nitroprusside reaction for S-S groups 
the presence KCN [13], and also quantitative 
method [14]. 

nucleotides from liver, CoA came off with 
GDP the fraction eluted 0.05 NaCl 0.01 
HCl, which just preceded the ATP fraction. Its recovery 
this fraction was half the original amount put the 
column some experiments, but other experiments 
was considerably lower. Taking into account the fact 
that enzymatic determination CoA was preceded 
separation nucleotides column, treatment 
fractions, and chromatographing paper, all which 
required weeks, and also that some these opera- 
tions were carried out room temperature, which cer- 
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Solvents, 


Fig. Separation individual nucleotides (nucleotides fraction precipitated 
the presence 72% alcohol) from liver DNP-poisoned rats 
Fig. unidentified adenine derivative with admixture GMP; un- 
identified compound, not identical with IMP; VII) ADP; VIII) unidentified com- 
pound; GDP UDP; X-XII) same VIII-X, Fig. Figures beside peaks 


tainly would not favor CoA stability, the amount re- 
covery this fraction could considered satisfactory, 
and this procedure could used isolation CoA 
from nucleotide mixture. 

CoA could detected enzymatically the 
nucleotide fraction from muscle, but level one 
order magnitude lower than the fraction from 
one the experiments was established that 
CoA muscle eluted the same fraction with 
liver, the one preceding the ATP fraction; 
other experiments, however, the peak question was 
not clearly manifested. 

comparison Figs. and shows that while 
there are large shifts amount adenosine phosphoric 
acids the liver DNP-poisoned rats, other nucleo- 
tides exhibit less marked changes This 
lends support the assumption primary role 
adenosine phosphoric acids oxidative phosphorylation 
reactions, Other changes were observed, however, For 
example, GTP content decreased, while there was 
corresponding increase GMP; both CMP and DPN in- 
creased. Not single nucleotide fraction from muscle 
showed significant change amount with DNP treat- 
ment (Figs. and 4); 4.4%), CMP, DPN, and GMP 


increased slight extent, while GTP decreased. 
These data concerning the basic differences, 
the effect DNP-poisoning nucleotide liver 
compared with muscle confirm our results obtained 
determination RSA the terminal phosphate 
ATP from liver and muscle DNP-poisoned rats [1] and 
attest the fact that nucleotide metabolism liver 
disrupted DNP much more extensively than that 
muscle, This cannot explained terms DNP- 
induced inhibition oxidative phosphorylation liver 
contradistinction muscle, since has been shown 
Dianzani and Scuro [16] that muscle mitochondria 
are the most sensitive the uncoupling action DNP. 
attribute these differences between liver and 
associated with suppression the Pasteur mechanism 
DNP, with the result that there considerable com- 
pensatory resynthesis ATP. Anaerobic processes are 
much less vigorous liver, and such compensation does 
not occur, 


SUMMARY 
The changes content adenosine phosphoric 


acids and other liver and muscle nucleotides have 
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Solvents, 


Fig. Separation individual nucleotides (nucleotide fraction precipitated 

the presence 72% alcohol) from muscle normal rats Dowex-1 

AMP; GMP; IV) IMP; ADP; VI) ATP; VII) GTP. Figures beside peaks 

4,0 


Solvents, 


Fig. Separation individual nucleotides (nucleotide fraction precipi- 
tated the presence 72% alcohol) from muscle DNP-poisoned rats 
Fig. Peaks: Fig. except for unidentified adenine 
derivative GMP. Figures beside peaks Fig. Recovery 
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Fig. absorption spectra 
CMP fraction before and 
after bromination. Dotted 
line after bromination. 


been traced DNP-poisoned rats, 

the nucleotide fraction rat liver, DNP poi- 
soning results drastic decrease ATP, certain 
decrease ADP and appreciable increase AMP, 
while the change other nucleotides less apparent. 

However, the nucleotide fractions muscles 
DNP poisoned rats, appreciable changes were 
noted, except slight decrease ATP, some increase 
ADP and insignificant increase AMP and IMP. 

The causes the differences behavior liver 


and muscle nucleotides DNP-poisoned rats are dis- 
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known that tissue culture cells have very 
high clycolytic activity. Consequently, glucose must 
pass into these cells similarly high rate. also 
known that the surface layer number normal cells 
consists barrier which appreciably hampers the dif- 
fusion sugars from the surrounding medium into the 
cytoplasm, tissue cultures, the properties this sur- 
face layer, obviously, must changed. obtain 
high rate glucose assimilation necessary either 
remove the barriers which interefere with diffusion 
create develop mechanisms which will facili- 
tate the transport sugars into the cells. The existence 
special mechanisms, capable transporting carbo- 
hydrates through the surface the membrane, have 
been shown number cases, for example, ery- 
throcytes [1-4], tumor cells [5-7], yeasts [8], and 
showed our previous communication [9], that 
the passage sugars into tissue culture cells had very 
high temperature coefficient. This circumstance 
more keeping with the presence sugar carriers 
the membrane than with the condition free diffusion 
hexoses from the surrounding medium into the cells, 
However, the appreciable slowing the transfer rate 
sugars into the cells when the temperature lowered 
can explained without the transport concept. For 
example, can assumed that lowering the tem- 
perature, the physical composition the cell surface 
layer will change sharply, that the diffusion sugars 
through this layer will significantly hampered. Thus, 
additional data are required order demonstrate the 
participation carriers the mechanism sugar 
transport tissue culture cells. 

The experimental data presented the present 
communication are sufficient, seems us, allow 
confirm that the passage glucose into tissue cul- 
ture cells occurs means special mechanism. 
This conclusion mainly based the probable com- 
petitive inhibition glycolysis whole cells means 
inhibitor (galactose), which does not affect the 
glycolytic enzyme system homogenate. any 
rate, will show, that low concentrations glucose 
the tranport this sugar into the cells limits the rate 


The experiments were carried out cells 
monkey (Macacus rhesus) kidney cortex cultures 
Methods cultivating the cells, separating them from 
the glass surface means EDTA, their washing and 
calculations, have been described previous communi- 
cations [10, 11]. The only difference that Krebs-Rin- 
ger-bicarbonate buffer, 7.4 was used for washing the 
cells instead 

Experiments intact The rate anaero- 
bic glycolysis intact cells the tissue culutre, in- 
cubated 3.5 Krebs-Ringer-bicarbonate buffer 
37° was measured manometrically CO, formation 
Warburg flasks. Lactate formation determined 
control the method Barker and Summerson [12] 
gave good correlation between the manometric and 
chemical data. low substrate concentrations the rate 
CO, formation decreased with time. The initial rate 
CO, formation these cases was taken the rate 
glycolysis. The rate aerobic glycolysis was measured 
lactate formation. mixture 95% and CO, 
was used anaerobic experiment incubating 
medium; aerobic experiments, 95% air and CO, 

Experiments homogenates. The cells were 
crushed closely-fitting ground glass Potter-Elvehjem 
homogenizer the presence small quantity 0.15 
KCl. The diluted with 0.15 
the uncrushed cells, cellular fragments and nuclei were 
removed centrifugation for min 1500 rpm 
(approx. 450 0°. mixture the following com- 
position was used incubating medium: ATP, 


following abbreviations are used this paper: 
ATP, adenosine triphosphate; DPN, diphosphopyridine 
nucleotide; TPN, triphosphopyridine nucleotide; G-6-P, 
glucose-6-phosphate; EDTA, ethylenediamine tetraace- 
tate; TCA, trichloroacetic acid; HK, hexokinase; 
Michaelis constant; Ky, dissociation constant the 
enzyme-inhibitor complex; KI, monkey kidney cortex 
tissue cultures, 
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total volume, ml. The incubation tempera- 
ture was 37°. The incubation mixture and homogenate 
underwent preliminary incubation this temperature 
for min. The reaction was begun with the addition 
homogenate the incubation medium and was ended 
after min the addition equal volume 
TCA. Control determinations during different time in- 
tervals showed that the rate glycolysis homogenates 
did not vary significantly with time. 

Determination activity. known [13, 
the tissue culture cells concentrated the 
homogenate fraction not precipitated rapid centri- 
fugation. orderto prepare this fraction the cellular 
homogenate was suspended 0.15 and subjected 
centrifugation the cold for min approx. 20,000 
TPN reduction (increase optical density 340 mp) 
galactose, 0.25 supernatant fraction, 0.1 ml; 
total volume, 3.0 ml. The determinations were carried 
out SF-4 spectrophotometer quartz curvettes with 
light path length cm. The addition exogenous 
G-6-P dehydrogenase these experiments was not 
necessary, since the supernatant fraction cell 
homogenate was found contain fully sufficient 
quantity G-6-P Special determina- 
tions showed that the G-6-P dehydrogenase activity 
the extract (determined TPN reduction the same 
system, but the presence G-6-P sub- 


Fig. Inhibition anaerobic glycolysis 
galactose cells monkey kidney 
tissue. Content inhibitor the tests, 
Concentration glucose, 1.43 
Abscissa, time minutes; ordinate, CO, 
formation Chemical deter- 
mination lactate, formed after min. 
incubation. Ordinate, formation lac- 
Without galactose; the pre- 
sence 0.1 galactose. 


strate instead glucose) usually exceeded activity 
6-7 times. The curve representing the change opti- 
cal density 340 with time indicated that the 
first 1-3 min, the reduction TPN occurred con- 
stantly increasing rate, This related, apparently, 
the accumulation increasing quantities G-6-P 
the incubation medium (at low concentrations G-6-P 
the rate dehydrogenation this substrate very sen- 
sitive changes its concentration). After this the 
rate TPN reduction became constant, and remained 
much lower than the maximum possible. Consequently, 
the rate G-6-P formation the course the hexo- 
kinase reaction equivalent the rate its elimina- 
tion dehydrogenation. Thus the rate TPN reduc- 
tion this linear portion the curve was taken the 
activity. 

Calculation and Application the 


method least squares [15] and the Michaelis equation 
expressed Lineweaver and Burk [16], permitted the 
calculation the value the following form: 


where [C] substrate concentration, velocity 
corresponding this concentration, number 
determinations. order find the case com- 
petitive inhibition, the same equation used, which 
the velocity concentrations substrate the 
medium [C] and the concentration inhibitor [I]. 


Fig. Competitive inhibition 
anaerobic glycolysis cells mon- 
key kidney cultures galactose. 
Inhibitor content samples, 1.8 

millimoles/liter. glycolysis 

pliters CO, after min. 

the presence 0.1 galac- 
tose; the absence galactose. 
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Aerobic Glycolysis Homogenates and the Effect Galactose onit. For 
Experimental conditions, see methods section 


ormation 
12,5 
1,25 
0,25 
0,25 125 
0,125 
0,125 125 


the left side the equation, place obtain 
the quantity From this, may easily 
calculated, since and [I] are known. 

Purification galactose. The galactose which 
had our disposal contained appreciable glucose 
impurity. The galactose was purified incubation 
with yeast, filtration, adsorption the impuri- 
ties activated charcoal, evaporation and recrystalli- 
zation from 80% alcohol. 


RESULTS 

The effect galactose glycolysis intact 
cells. Numerous determinations have shown that anaero- 
bic glycolysis intact cells very appreciably 
suppressed the presence galactose, which remains 
practically unfermented these cells, The results 
one these experiments, which the lactate formed 
was determined both manometrically and chemically, 
are presented Fig. The inhibitory effect galac- 
tose was increased with decrease glucose concentra- 
tion. Kinetic analysis showed that inhibition glycoly- 
sis galactose was competitive (Fig. 2). Calculation 
for galactose has value the order 0.1 
Galactose also inhibits glycolysis rabbit 
kidney tissue cultures (Fig. 3). 

The data presented below are evidence the 
fact that aerobic formation lactic acid cells 


Fig. Inhibition anaerobic 
glycolysis cells rabbit kidney 
cultures. Inhibitor content the 
sample, Designations the 
same Fig. la, 
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Expt. galactose, lactate, 
No. 
1,25 23,5 
0,25 125 
0,125 
0,125 125 14 


the presence galactose was also inhibited (concentra- 


Number Quantity Conc. Formation 
100 
100 206 


The effect galactose glycolysis homogen- 
ates, Study the effect glucose and galactose con- 


centrations the aerobic glycolysis homogenates 
cells has shown (table) that galactose this case 
did not inhibit lactic acid formation, although the ratio 
galactose concentration and glucose concentration 
homogenate experiments were primarily higher or- 
der than experiments with intact cells. The rate 
glycolysis homogenates conformed the Michaelis- 
Menten equation. Calculation for glucose gave 

Effect galactose activity. Results 
one the experiments, which the relationship the 
hexokinase reaction rate the supernatant fraction 
the cell homogenate the concentration glucose 
and the presence galactose were determined, are 
presented Fig. The data verify the fact that galac- 
tose has practically effect activity. Calcula- 
tion for glucose gives value the order 

DISCUSSION RESULTS 

Method ingress sugars into tissue culture cells. 
Competitive inhibition galactose glucose assimila- 
tion into intact cells apparently evidence the 
fact that these two sugars are capable interacting with 
the same active center some biologically active com- 
pound which takes part the assimilation glucose. 
The absence any effect galactose glycolysis 
homogenates shows either that glycolysis this case can 
take place without the participation this compound, 
that this compound changes its structure homo- 
genization that its ability react with galactose 
decreased but its ability react with glucose com- 
pletely retained. seems that the first supposition 
the most simple and probable. this case can 
considered that galactose inhibits some link the as- 
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similation glucose the cells, which preceeds the 
hexokinase reaction. Such link apparently would 
transport sugar across the cellular membrane mecha- 
nism, the existence which different cells has been 
admitted many authors, The presence tissue cul- 
ture cells special mechanism for the transport 
sugar through the surface membrane good agree- 
ment with the fact that discovered earlier that the 
passage sugar into these cells has very high tem- 
perature coefficient [9]. 

The question the nature the carrier remains 
quite obscure. Taking into account that the participa- 
tion sugar transport across the cell membrane 
has been discussed repeatedly, set experiments 
verify this hypothesis. However, the participation 
(in every case, its active center, taking part the 
phosphorylation sugar) the process glucose trans- 
port can excluded, since galactose has effect 
the activity this enzyme. could supposed that 
the affinity hexokinase for different sugars depends 
significant degree the composition the incu- 
bating medium, particular the presence absence 
the second partner the hexokinase ATP. 

set special experiments which the 
cells were incubated medium designed for incubating 
homogenates, But this case, galactose inhibited gly- 
colysis, which again was evidence for the difference 
affinity for different sugars between and hypotheti- 
cal carrier. may noted that such difference was 
also found tumor cells [6, 17]. 

rate-limiting link the glycolysis chain, 
cells, The fact that glycolysis intact cells in- 
hibited galactose inhibition glucose transport 
already evidence that the sugar transport rate can limit 
the rate sugar assimilation. However, order 


assume that glucose transport has regulatory 
important consider the difference between for 
glucose intact cells and homogenate. Taking into 
account the fact discovered earlier, that the con- 
centration glucose inside the cells less than 

the glucose concentration the incubating 
medium [9], can give the following simple explana- 
tion for the differences for intact cells and homo- 
genate. The cellular membrane consists barrier; 
the concentration glucose one side this barrier 
(inside the cells) considerably lower than the glucose 
concentration the other side (in the incubating me- 
dium). However, definite relationship between these 
two concentrations occurs; increase the sugar con- 
tent the incubating medium causes some increase 
sugar content inside the cells (apparently this increase 

glucose concentration inside the cells which could 
saturated the intracellular glycolytic system, neces- 
sary have the incubating medium, appreciably 
large concentration this sugar. Such explanation 
for the differences between the cells and the 
homogenate indicates that least low concentrations 
glucose the rate glycolysis intact cells 
limited the rate sugar transport across the cell 
membrane, 

Our conclusions, understood, only apply one 
culture and only certain region glucose concen- 
trations. Under different conditions and different cul- 
tures, possible that different links the process 
sugar assimilation will determine the rate glycolysis 


Similarity and difference cells from 
experimental material. Investigations our laboratory 


have shown that tissue culture cells closely resemble 


Fig. Effect glucose concentration and the presence galactose 
the hexokinase reaction TPN reduction the presence of: 

tose. Relationship between the hexokinase reaction rate and substrate 

concentration, expressed according Lineweaver and Burk. 
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cells malignant tumors their peculiarities car- 
bohydrate-oxidative [10, 11] and energetic [18] meta- 
bolism, their mitochondria content [13] and some 
other properties. This permits assign tissue explants 
considerable group tissues and cells, having 
type metabolism [19]. One the most 
important peculiarities cells this group high 
glycolytic activity, which assumes ease 
tion sugars across the cell membrane. Thus, there 
considerable interest studying the mechanism 
penetration different members this group, and 
determining how these mechanisms differ from the 
passage substances into the cells with meta- 
bolism. 

Comparison the data presented the present 
communication with results other authors regard 
the permeability tumor cells, indicates the pre- 
sence certain similarity the mechanism per- 
meability tumor cells and tissue explants. However, 
quantitative differences either rate sugar transport 
across the membrane, the rate sugar intracellu- 
lar assimilation leads the conclusion that the regula- 
tory role transport different cases manifested 
different degree. Thus, cells ascitic 
carcinoma [6, 7], and probably cells Krebs-2 asci- 
tic tumor [20] the permeability, evidently, does not 
limit the rate glucose assimilation the 
same time, cells Gardner's lymphosarcoma apparent- 
resemble cells the relationship between the rate 
intracellular assimilation. 


SUMMARY 

Galactose competitively inhibited aerobic and 
anaerobic assimilation glucose intact cells tis- 
sue cultures monkey kidney cortex (Macacus rhesus). 
The inhibitory activity galactose glycolysis was 
not found homogenate. This led the conclusion 
that galactose apparently inhibited the transport 
sugars through the cell sheath, reversibly blocking the 
active transport This carrier, apparently, not 
hexokinase, since galactose has effect its activity. 

Comparative determination the relationship 
concentration the glycolysis intact cells 
and homogenates showed that saturation the glycoly- 
tic system intact cells occured with significantly 
larger concentrations sugar, than saturation the 
glycolytic system homogenates, one studies the 
considerable concentration gradient glucose concen- 


trations between the intracellular and extracellular 
fiuids which discovered earlier, the facts can in- 
terpreted indication that the rate glycolysis 
cells (at least, low glucose concentrations) 
limited the transport rate this sugar across the 
cell membrane, 

wish thank Romanova for her technical 
help this work. 
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There are indications the literature that the 
rate turnover phosphorus compounds the brain 
varies according which substance acting the sub- 
strate for oxidation processes vivo and vitro 
studies the renewal phosphorus compounds have 
shown that the intensity this process also depends 
the functional state the nervous system 
erous papers have been published, establishing the im- 
portance the part played the so-called biologically 
active substances acetylcholine (ACh), y-aminobutyric 
acid (GAMA), and others processes nervous activity 
However, the problem the effects oxidation 
substrates and biologically active substances the 
metabolism phosphorus compounds the brain has 
yet been insufficiently studied. 

The object the present research was study 
the intensity metabolism phosphoproteins (PP), 
phospholipids (PL), ribonucleic acids (RNA), and other 
phosphorus compounds the presence various oxida- 
tion substrates (glucose, fructose, L-glutamic acid), and 
the biologically active substances ACh and GAMA. 
The experiments were with brain slices incubated with 
radioactive phosphorus. 


METHODS 

White rats were decapitated, and the brain was 
quickly removed, and washed physiological saline; 
was far possible dissected free white matter. 
Slices grey matter were cut with the aid razor, 
thickness about 0.3 mm. general rule, 
slices from one hemisphere were taken for the experi- 
mental systems, with added substrates ACh 
while those from the other hemisphere served for the 
control systems. 

About 200 brain slices were taken for each 


system, After min preincubation with the medium, 


the slices were incubated for min 37° Warburg 
apparatus, current The reaction vessels 
contained Krebs-Ringer-phosphate medium [9], 
which added labeled phosphate (5-20 
those experiments which examined the effect 


various substrates the metabolism phosphorus 
compounds glucose was replaced the appropriate sub- 
acid was added its neutral salt. other experiments, 
these experiments the substrate was glucose 
107? M). 

After completion incubation, the slices were 
washed with 7-10 portions ice-cold physiological 
saline, remove contamination with radioactive phos- 
phorus from the medium. They were then dried with 
filter paper, and frozen liquid oxygen. The frozen 
slices were weighed torsion balance and ground 
with cooled 10% TCA. The suspension was centrifuged, 
and the supernatant fluid was taken for determination 
inorganic phosphate The sediment was 
washed repeatedly with ice-cold TCA and water, 
and lipids were extracted from the product (sequentially 
with acetone, ether, 3:1 alcohol ether mixture, and 
1:1 methanol chloroform PP, RNA, and DNA 
were isolated the method Schmidt and Thannhau- 
ser, modified Vladimirov al. [10]. For this pur- 
pose, the tissue residue was heated with 10% NaCl for 
100°, extract nucleic acids (NA). The 
were precipitated with lanthanum nitrate, and hydrolyzed 
with 0.3 NaOH (18 DNA was precipita- 
ted from the hydrolyzate perchloric acid 
leaving RNA solution. The remaining the tissue 
residue was hydrolyzed with NaOH(20 

The PL, RNA, and DNA fractions were wet-washed 

Phosphorus was determined after extraction into 
isobutanol the phosphomolybdic acid complex, 
the method Martin and Doty, modified Baranov 
[11]; used FEK-M photocolorimeter, with red 
Radioactivity was measured with the aid 
end-window counter, using type 

indicator the rate renewal phos- 
phorus compounds took the relative specific activity 
(RSA), being the ratio the specific activity (SA) 


the given fraction that Pinorg brain tissue. 
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TABLE Respiratory Rate and Rate Turnover Phosphorus Compounds Brain 
Slices. Incubation medium Ringer phosphate. Final concentration sub- 


thesis refer the scatter the results. 


added expts, 
Control 10444 
(without 
substrate) 
Glucose 136 10713 
Fructose 8 165 9899 
acid (130—170) 


The oxygen uptake the slices was measured 
Warburg's manometric method. 


RESULTS 


Renewal phosphorus compounds brain slices 
the presence different oxidation substrates. The 


basic source energy for the brain glucose, supplied 
under normal conditions from the blood stream [12]. 
Fructose equally well metabolized the brain, and 
can maintain ATP synthesis normal level, but 
more slowly glycolyzed than glucose [13, 14]. The 
brain does not normally utilize L-glutamic acid for its 
energy requirements, although can under con- 
ditions glucose insufficiency [12, 15]. 

has been shown that the rate metabolism 
phosphorus compounds raised, when brain slices 
are incubated with glucose, whereas acid 
had such action [1-3]. The literature references 
the action fructose are contradictory. number 
authors have shown that has effect, only in- 
significant one, the rate which the phosphorus 
compounds PP, PL, and RNA are metabolized [1, 2]. 
However, Schachner and others have found that incor- 


poration considerably increased the fraction 


brain slices incubated with fructose [3]. 


findings regarding the metabolism phos- 
phorus compounds the presence different substrates, 
presented Table show that incorporation 
takes place the absence added substrates, although 
very slow rate. 

Special experiments showed that the the 
phosphorus fractions brain slices was about times 
greater when the systems were incubated than without 
incubation. may concluded that the radioactivity 
the phosphorus compounds incubated systems can- 
not have been due contamination with from the 
medium. 


Pinorg (SA) (RSA) 


and RSA the phosphorus compounds 


PL(RSA) |RNA (RSA) 


2,5 0,15 


13,5 


0,20 
3,8 0,13 0,10 


The metabolic rate the phosphorus compounds 
greatly intensified when glucose present the 
medium. The rate turnover and RNA was in- 
creased the same extent fructose glucose, 
but somewhat smaller extent. These findings 
are not agreement with published reports that addi- 
tion fructose does not intensify the metabolism 
phosphorus compounds [1, 2]. The reason for these di- 
vergent findings not clear. may possibly related 
our use more adequate medium for incubation 
than was used other authors. 


The rate renewal the phosphorus compounds 
was the same the absence substrate when 
L-glutamic acid was added instead glucose fruc- 
tose; this accordance with the findings other 
authors [1, 2]. 


The found with different substrates 
was the same all cases (Table 1). This indicates that 
the given substrates did not affect the rate penetra- 
tion into the brain cells, The rate uptake 
oxygen the slices practically the same with glu- 
cose, fructose, L-glutamic acid the oxidation 
substrate (Table 1), follows that increased oxygen 
uptake not necessarily associated with increase the 
rate renewal the phosphorus compounds examined 


us. 


Effect ACh the metabolism phosphorus 
compounds brain ACh known function 


the nervous system. has stimulating action the 
cerebral cortex [7]. ACh formation closely bound 
with processes cell metabolism [16]. There are only 
scanty data the literature the effect ACh 
the metabolism the compounds PP, NA, and PL. 
The investigation this problem for this reason 
undoubted interest. 
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TABLE Effect ACh the Rate Renewal Phosphorus Compounds 
Other explanations Table 


expts. added ACh the 
control, 
(RSA +0,7 +0,9 +28 <0,05 


During excitation, the ACh isolated parts the 
brain may achieve higher concentrations than those re- 
ported the literature for the whole brain [4]. 
these grounds applied much higher concentrations 
ACh our experiments than those present brain 
tissue whole. known that only 50% the ACh 
present 0.1 solutions undergoes spontaneous decom- 
position over days incubation 37.5° [17]. 
could therefore assume that under our conditions, with 
final ACh concentration any considerable 
decomposition ACh could excluded over the in- 
cubation times applied. 

found awide scattering the numerical results 
individual experiments, for which reason increased 
the number experiments and subjected the results 
statistical evaluation [18]. 

evident from the results presented Table 
renewal and rises, and RNA falls. This 
difference statistically significant. The DNA 
could not determined, because the low activity 
the fractions. 

Experiments which the slices were incubated 
with eserine M), without ACh, showed that eserine 
alone had effect the rate renewal the speci- 
fied compounds. 


results large number experiments, which 
the RSA was used measure the rate renewal 
PL, has been done the present paper. 

ACh the rates renewal and rose, while that 
RNA fell. The reason for this effect not clear. 


Effect GAMA the rate renewal phos- 


phorus compounds brain slices. Numerous 
tors have recently directed their attention the study 


the role GAMA nervous tissues. GAMA has 
been reported normal metabolic product, and 
one the substrates oxidation brain [21, 22]; 
the other hand, has been thoughtto function 
factor inhibiting synaptic transmission [8, 23]. Eluci- 
dation the way which GAMA affects the metabol- 
ism the nervous system would great importance 
furthering our understanding the mechanism 
nervous processes, For this reason undertook the study 
its effect the rate renewal the phosphorus 
compounds PP, PL, and RNA ,and also lipoproteins 
(LP). The phosphorus-containing component was 
extracted for room temperature with acidified 


100 
The constancy the can taken 
evidence that ACh does not affect the rate pene- 
tration phosphorus into the cells. found that 
addition ACh did not affect the contents PP, PL, 100 
RNA, and DNA brain slices. 


metabolic rate the contents these phosphorus com- 
pounds following incubation with lower concentrations 
ACh M). Some tendency towards in- 
crease the rate renewal phosphorus these 
lower ACh concentrations was observed for only 
(see figure). 

Reports that ACh, concentrations and 
brain slices homogenates have appeared the 
literature [19, 20]. have not, however, seen any 
papers which included statistical evaluation the 


the rate renewal phospho- 
proteins, phospholipids, and RNA 
brain The columns represent 
change the RSA phosphorus com- 
pounds, the control values. 

Phosphoproteins; phospholipids; 
RNA. Each column applies 
separate experiment, for which the 
control taken 100%, 
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TABLE Rate Renewal Phosphorus Brain Slices the Presence 
GAMA. Final concentrations GAMA 5-10 per system. Other 


Experimental Number 


Control 2891 8,4 0,47 5,7 
With addition of 2843 7,8 0,29 0,46 5,6 


TABLE Rate Renewal Phosphorus Compounds Brain Slices the Presence 


Experimental (SA) 
conditions 
Control 2380, 2070 10,0, 
With addition 
GAMA (10-3 2220, 2160 11,0, 
Control 34 20, 4635 igen 
With addition 
GAMA (107! 3250, 5,7, 


chloroform methanol mixture was added 
final concentration N), recommended 
Baranov [23]. 

had effect the rate renewal the specified 
compounds able 3). 

The same result was obtained with GAMA con- 

known from the literature that, the con- 
centration used our experiments, GAMA exerts 
definite physiological effect, viz., inhibition nerve 
transmission, and modification the nature electric 
potentials [24]. vitro experiments have shown that, 
the presence glucose, brain slices are freely per- 
meable GAMA [25]. The absence any effect 
GAMA the rate renewal phosphorus compounds 
cannot therefore ascribed its penetration into 
the slices, appears that GAMA affects the function- 
ing the nervous system way which does not affect 
the rates renewal the phosphorus compounds ex- 
amined 


SUMMARY 

Both the rate oxygen uptake and the rates 
renewal phosphorus, phospholipids, and ribonucleic 
acid rat brain slices are raised when glucose fruc- 
tose are added the incubation medium. 

Although addition L-glutamic acid raises the 
rate uptake oxygen, does not affect the rates 
renewal the phosphorus phosphoproteins, phospho- 
lipids, and RNA. 
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0,67, 0,57 0,60, 9,0, 


14,4 0,40 0,34, 0,70 7,2 


the rate turnover the phosphorus phosphoproteins 
and phospholipids, but lowers for RNA, when incubated 
with rat brain slices, y-Aminobutyric acid has effect 
the metabolism phosphoproteins, phospholids, RNA, 
and lipoproteins brain slices. 

The author deeply indebted the Prof. 

for supervising this research, and 
Baranov for his unfailing help carrying out. 
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number papers have been published the 
mutual relations between ascorbic acid and flavonoid 
substances, mostly the “vitamin the problem 
has been usually approached from phystological angle. 
All the authors are agreement that substances the 
type vitamin reinforce the action ascorbic acid. 
Natural mixtures ascorbic acid with flavonoid sub- 
stances not only protect against scurvy, but also stimu- 
late growth, and raise the ascorbic acid content 
various organs, particular the adrenals, spleen, 
kidneys, etc.; the flavonoids thus act growth 
factors, but also protective and factors. 

The mutual relations between ascrobic acid and 
flavonoid substances have been insufficiently studied from 
chemical point view. Only small number re- 
searches have been devoted this subject, and the find- 
ings have some cases been contradictory. 

number authors have reported that ascrobic 
acid much more stable natural juices than when 
pure solutions. Shamrai [1] ascribed the protective 
action such juices the presence them tannin 
and gallic acid, and postulated that these substances 


react chemically with ascorbic acid, and that the reac- 
tion products possess higher stability than does ascorbic 
acid. Kardo-Sysoeva and Nissenbaum [2] reported the 
presence tomatoes thermostable factor, which 
protected ascorbic acid from oxidation during boiling; 
the stabilizer inhibits the catalytic action copper. 
Parrot and Cotereau found that catechols, when 
present certain concentrations, also have stabilizing 
effect ascorbic acid. Analogous results were reported 
Gego [5] and Tria and Barnabei [6], who found 
that rutin had stabilizing effect ascorbic acid 
whereas acid solutions catalyzed its oxidation. 
Novotelnov al. [7], have detailed study the 
effect the flavonoid rose-hips ascorbic 
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acid. They found that the stabilizing effect was due 
polyphenol complexes, notably substances the type 
rutin. The flavonoids rose-hips lower the concen- 
tration dissolved oxygen the solutions, this way 

protecting ascorbic acid from oxidation. 

Numerous authors have investigated the relation- 
ships between ascrobic acid, flavonoids, and heavy metals. 
Masguelier [8] examined the effect substances the 
type vitamin the stability ascorbic acid the 
presence Cu**. found that leucoanthocyanin in- 
hibited oxidation ascorbic acid, rutin had practically 
effect the process, and esculin catalyzed destruc- 
tion ascorbic acid. Only leucoanthocyanin inhibited 
oxidation ascorbic acid the presence ascorbic 
dehydrogenase, whereas rutin and esculin had effect 
this reaction. 

Kelley and Wattsova [10, 11] showed that inhibi- 
tion oxidation ascorbic acid was found only 
pounds which possessed functional group capable 
complexing heavy metals. According Kelley and 
Wattsova, complexing copper flavonoids takes place 
according the scheme: 


clear from this review the literature that 
the protective effects flavonoids ascorbic acid has 
not yet been definitively elucidated. The available data 
not permit the definite acceptance rejection 
any the and hypotheses, some the 
propositions which are mutually contradictory. 

The present paper devoted study the 
kinetics destruction and stabilization ascorbic acid 
the presence flavonoid substances, and pure solu- 
tions, both the presence and the absence heavy 
metals catalyzing oxidation. 


Present address: Higher Educational Establishment for 
Chemistry and Technology, 
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EXPERIMENTAL 


Apparatus. For the investigation the kinetics 
oxidation ascorbic acid (AA) used Heyrovsky 
polarograph (Zbrojevka Factory), with Kalusek 
cell and saturated mercury-sulfate electrode. used 
capillary tube which, height the reservoir 
cm, gave flow rate 2.9 mg/sec, with dropping 
interval 3.1 sec. 

tilled water; rutin (purchased from Lachema) 
methanol; naringin (from Sunkist Growers) 
ethanol; quercitrin (from Geigy) methan- 
ol; 0.5% solution orange flavonoids redistilled water; 
methanol and ethanol (AR), further purified treatment 
with silver nitrate and aluminum amalgam; acetate buf- 
fers, prepared from analytical reagents dissolved redis- 
tilled 

Oxidation took place thermostatted 
polarographic cell, and readings were taken continuously 
5-min intervals. The buffer solution was ther- 
mostatted Kalusek cell, and the solution special 
cell, also thermostattted, and connected with the Kalusek 
cell (Fig. After the solution had reached the de- 
sired temperature was transferred the buffer solution; 
destruction was followed means the following 
procedure. 


The acetate buffer and the other components 
the system (previously tested special experiments) 
were pipetted into the Kalusek cell, and the solution 
into separate cell. Air was bubbled through concen- 
trated sulfuric acid, and then through the solutions 
both cells, rate about 300 This assures 
thorough mixing the solutions, and the same time 
keeps them saturated with oxygen. After thermal equili- 
bration (about min), the solution was run into the 
buffer solution, and air was passed for further min, 
after which potential was applied the electrode, 
such would give the optimum conditions for reading 
the limiting current for AA. The limiting current was 
recerded continuously, 5-min intervals. The height 
the wave was derived, subtracting from the 
value found for the control (the control system differed 
from the experimental one that equal volume 
redistilled water was run into the polarographic cell in- 
stead solution). 

Interpretation the polarograms obtained. The 
height the wave was determined described 
above, and curves relating wave heights time were 
drawn. The curves Fig. show that the rate des- 
truction ascorbic acid falls with diminishing concen- 
tration. found that the logarithm the concentra- 
tion varied linearly with time, and that the kine- 
tics corresponds with those first order reaction. The 
rate constants were derived from the equation: 


9 2 


K = 


where 


log 


tent over time 

The stabilizing effect flavonoids was 
examined both the absence and the presence some 
heavy metals. 

Stabilizing effect flavonoids ascorbic acid 


the absence heavy metals. Before examining the 


effects flavonoids investigated the breakdown 
ascrobic acid buffer solutions. found that, not- 
withstanding rigorous standardization the experimen- 


© 2. 


Fig. Additional equipment for 
preparing samples for polarography. 
Air; mercury reservoir; in- 
flux; 
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tal conditions, the rate destruction ascorbic acid 
varied from experiment experiment. There was ac- 
cordingly wide scatter the results obtained for the 
rate constants different experiments, For the stabiliza- 
tion used orange flavonoids, concentration 

aqueous 0.5% solution orange flavonoids, and 
3.5 redistilled water into thermostatted Kalusek 
polarography cell. Into second cell placed 2.5 
ascorbic acid and 2.5 redistilled water. 
The two solutions were mixed after air had been bubbled 
through them for min, and passage air was continued 
for further min, after which the limiting current was 
recorded 5-min intervals, beginning from the moment 
mixing. 

The differences shown Table lie within the 
range the experimental error, and not constitute 
evidence the stabilizing action orange flavonoids. 
may concluded from these results that this mixture 
flavonoids has direct stabilizing action ascorbic 
acid, Similar results were obtained with pure rutin, 
quercitrin, and naringin. 


Stabilizing effect flavonoids ascorbic acid 
the presence heavy metals. known from the 
literature that heavy metals catalyze the breakdown 


ascorbic acid, therefore examined the stabilization 
the presence heavy metals, 

Our experiments were performed with copper, which 
typical catalyst decomposition. first ex- 
amined the kinetics the reaction when was pre- 
sent the buffer solution. The reaction was found 
conform first order reaction kinetics, During the re- 
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action copper oxidized hydroascorbic acid, being 
itself reduced the cuprous form, which reoxidized 
atmospheric oxygen. This process then re- 
peated until the has all been oxidized. 

The following emerged from the experiments 
which the kinetics oxidation the presence 
ions were 

The rate constant oxidation rose parallel 
with rise pH, about and showed linear depen- 
dence the concentration, from up. 
velocity constants found deviated from the theoretical 
The reaction rate falls such solutions, and 
the Cu** concentrations were further diminished the 
values the velocity constants fell progressively that 
found the absence metals (Fig. 2). 


The rate oxidation ascorbic acid rose ex- 
ponentially with rising temperature 2b). The velo- 
city the reaction oxidation ascorbic acid the 
presence does not depend the ionic strength. 
The deviations recorded lie within the limits experi- 
mental error. 

ous medium ethanol methanol) was about 
lower than the usual aqueous medium; this effect 


may related the lower solubility oxygen the 
aqueous alcoholic medium. 


our next series experiments studied the 
stabilizing effects examined the effect 
adding pure flavonoids (rutin, quercitrin, naringin) and 
natural mixtures orange flavonoids, well 
black currant juice. 


Orange flavonoids, 


Fig. Dependence destruction 
ascorbic acid (a) concentra- 
tion, (b) temperature, (c) con- 
centration flavonoids. 
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TABLE Effect the Stabilizing Action Flavonoids 
Pure Solutions Used 


Concentration 107? 


flavonoids flavonoids 


3,60 0,32—0,40 


TABLE Effect the Stabilizing Action Pure Flavonoids the Presence 


Without 
Concentration flavonoids, With flavo- Stabilizing 
Rutin 
3,6 1,14 0,60 
3,60 0,72 
5,30 3,34 1,96 41,3 


Naringin 


3,60 


0,88 0,82 6,8 
3,58 


TABLE Effect Temperature the Stabilizing Action Pure Flavonoids the 
Presence Ions 


Concentration 3.60 4.28 5.30 


c 3 ome 3 — 
Rutin 
Quercitrin 
Naringin 


a 
4 
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placed acetate buffer, 2.0 The stabilizing effect the flavonoids, under the 
1.33 M), solution the flavonoid under investi- the catalytic effect copper ions (Table 4). 

gation, and redistilled water ml, into Kalusek have not compared these results with those found ex- 

cell, Into second cell introduced periments ascorbic acid solutions not containing 
and redistilled water, The experiments copper ions, raised temperatures, view the wide 
were conducted for systems with flavonoids, but with- scatter the results obtained the latter case, render- 

out ing the experimental error much greater than with sta- 

found that the stabilizing effect pure flavo- 

noids increased with rising the solutions, The Very similar results were obtained from experiments 
stabilizing effect the flavonoids varies the black currant juice, which suppressed the catalytic 
ing rutin, quercetrin, naringin, 5.30 and 25° effect copper ions 15-fold 
rutin lowered the oxidation rate 57%, quercitrin understandable that other components, such 
41.3%, and naringin 33% (Table 2). compounds, pectins, sugars, present biological 

low the stabilizing effect the material, can affect the rate oxidation ascorbic 
flavonoids fell with rising temperature. The effect The experiments with pure flavonoids leave 
temperature the rate oxidation was less doubt, however, that they are able exert stabilizing 


considerable higher pH. Thus, 5,30 the stabiliz- effect ascorbic 
ing effect 40° was practically identical with that 


The best results were obtained with rutin and quer- DISCUSSION RESULTS 

citrin, the stabilizing effect naringin being much this research examined the rates oxidation 

smaller (Table 3), ascorbic acid the presence and absence flavo- 
also examined the effects pH, flavonoid con- noids, and the presence and absence copper ions. 

centration, and temperature the stabilizing action Our findings showed that the falavonoid substances taken 

mixture orange flavonoids. had stabilizing effect the reaction proceeding 
The following results were obtained for the de- the absence copper, but that they were good inhibitors 


pendence the stabilizing effect: the copper-catalyzed reaction, the pure flavonoids 


Concentration 
flavonoids flavonoids 


3.60 
5.30 


Comparing these results with those found the ab- studied, rutin and quercitrin gave the greatest stabiliz- 
sence copper ions, appears that the stabilizingeffect ing effect, amounting about 50% under the given ex- 
great, particularly high values, that the conditions. The flavonol naringin was less 
lytic action ions has practically been abolished, effective this This difference might as- 

The dependence the stabilizing effect flavo- cribed the presence the side-ring only one hy- 
noids their concentration was studied series droxyl, position whereas the other flavonols have 
experinients, For this purpose used only the mixture two hydroxyls, positions and 4', which are capable 
orange flavonoids, since was only with this mixture complexing heavy Very high protective 
that could achieve total suppression the catalytic effects were shown natural mixture orange flavo- 
action ions, found that the value the rate noids and black currant juice. concentration 
constant the reaction fell with rising concentration the orange flavonoids totally abolished the cata- 
flavonoid, and that the stabilizing effect rose (Fig. 2c). lytic action copper ions present concentration 
The catalytic action copper was totally abolished about Black currant juice was equally 
flavonoid concentration 0.1%, the value the 15-foid dilution, These findings suggest that would 
velocity constant becoming the same for solutions advisable stabilize the present some fruit 
not containing copper, The rate reaction was not juices adding juices high flavonoid content 


affected further increase flavonoid concentration, (orange, lemon, black currant, rose hips). 
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4 
7 
hae 0.97 0.41 54 
4,05 0.75 81.5 


TABLE Effect Temperature the Stabilizing Action Orange Flavonoids the 
Presence Ions 


Concentration 3.60 4.28 


ds,% 


Stabilizing 
effect, 
Stabilizing 
effect, 
Stabilizing 


orange 
flavonoi 
effect, 
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Flavonoid substances have stabilizing effect 
ascorbic acid solutions not containing catalytically 
active ions, but they inhibit oxidation due the presence 
copper 

The protective action some pure flavonoids 
varies the diminishing order; rutin, quercetrin, nari- 

Very high stabilizing effects were given natural 
mixture orange flavonoids and black 

The protective effect flavonoids may ascribed 
their ability form stable complexes with heavy 
metal ions, thereby abolishing their catalytic action 
oxidation ascorbic acid. 
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SOME PROPERTIES PURIFIED GLUTAMINE TRANSAMINASE* 
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Since the discovery 1947 Greenstein and 
Carter [1] enzyme system animal tissues which 
catalyzed deamidation glutamine the presence 
keto acids ("glutaminase II"), numerous papers have 
been published, dealing with the reaction mechanism, 
and with number the properties this system [2-8]. 
These authors worked, however, with crude enzyme 
preparations, and enzymatic activity was assessed either 
from the amount ammonia formed, from the fall 
the content glutamine amino groups. The data ob- 
tained these workers thus related the processes 
coupled transamination and deamidation 
mine, and represented the sum the effects two 
different enzymes-- transaminase and keto- 
amidase [8]. The preparation purified trans- 
aminase, free glutaminase and ketoamidase, has 
been described 10], have, using 
such preparation, examined the electrophoretic mo- 
bility transaminase [9, 10], and its action 
the optical isomers cycloserine [11]. The present 
paper reports the results the study certain other 
properties transaminase, 


EXPERIMENTAL 

used lyophilized preparations trans- 
aminase, previously purified electrophoresis verti- 
cal columns packed with cellulose powder [9, 10]. 

The activity the enzyme was assayed follows: 
the enzyme solutions contained 
transaminase protein 1-2 Since glutaminase and 
ketoamidase were absent from our preparation, its ac- 
tivity could assessed from the amount newly formed 
amino acid, the transamination reaction; the amount 
amino acid was determined spectrophotometrically, 
from the optical density solutions the 
hydrin complex eluted from paper chromatograms [12, 


EXPERIMENTAL RESULTS AND THEIR DISCUSSION 
Reaction kinetics. The curve Fig. shows that 
the amount phenylalanine formed rises regularly with 
time incubation the system 
over the first min the rate Phe formation close 
linear, 
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pH-Optimum transaminase, The 
optimum for deamidation the presence 


pyruvate has been reported [2] being 
7.2, and Errera [15]; Meister found 
that the optimum with phenylpyruvate was 8.5. 
With the optimum was found 
Greenstein 8.8. These data were derived from ex- 
periments which crude enzyme preparations contain- 
ing glutaminase [2] and ketoamidase [6-8] were 
The glutamine deamidating activity the presence 
a-keto acids was derived these authors from the 
mounts ammonia formed, from the fall 
content the systems; the results therefore represent the 
effects the summation the action two (or three) 
enzymes, viz., transaminase, ketoamidase (and 

determined the optimum purified 
transaminase with various substrates (PhP, pyruvate, and 
a-ketoisocaproate), using citrate (0.05 4.3-5.5), 
phosphate (0.05 5.9-7.4), veronal (0.05 
borate (0.025 9.3-9.9);, and carbonate 
(0.05 buffer solutions. The the 
buffer solutions was verified measurement with 
glass electrode, using LP-5 potentiometer. The results 
the experiments are represented graphically Fig. 
evident from the curves Fig. that, with PhP 
the acceptor the group, the optimum Glu- 
NH, transaminase 9.1, with pyruvate 8.2, and 
with a-ketocaproate 8.7. could find appreci- 
able differences the activity the enzyme the 
different buffer solutions zones which the 


overlapped. 
The optimum found for purified 


mine transaminase differ from those reported the 
above authors for the combined processes transamina- 
tion and deamidation; only the experiments with 
ketoisocaproate did the results coincide. 


glutamine transaminase; PhP- 
phenylpyruvate; Phe phenylalanine; Ala-alanine; 
Michaelis constant; PCMB p-chloromercuribenzoate; 
IAA- iodoacetamide; glutathione; GSSG- 
oxidized glutathione; VB-veronal buffer. 
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The values the most alkaline borate and car- 
bonate buffer solutions, 9.7, are 
than the true values, since the glass electrode does not 
give reliable resuits for solutions such alkalinity. The 
very considerable activity glutamine transaminase 
reactions involving PhP and (but not py- 
experiments which the substrates were incubated with- 
out enzyme the same buffer solutions showed that 
non-enzymic transfer groups did not take place. 


Thermal inactivation glutamine transaminase. 


Crude glutamine transaminase known relatively 
thermostable, for which reason heat treatment short 
duration may applied for the denaturation ballast 
proteins the purification this enzyme [9, 10]. 
examined the thermostability purified glutamine trans- 
aminase, over range temperatures. solution 
purified enzyme (0.25 mg/ ml) was heated various 
temperatures, from 80°, for min. The solutions 
were then cooled rapidly room temperature, substrate 
was added, and the systems were incubated 37°. The 
activity glutamine transaminase was unaffected 
heating 50°, while was 65% inactivated heating 
80°. The effects these and intermediate temper- 
atures are shown graphically Fig. Even heating for 
min boiling water bath followed incubation 
37° for with PhP borate buffer 9.8, stillleft 
considerable residual activity (36% that unheated 
enzyme control system). 

Temperature dependence the reaction trans- 
amination glutamine. The effect temperature 
the rate transamination glutamine (14 with 
PhP (14 was examined incubation). 

The curve Fig. shows that the rate the en- 
zymic reaction was tripled over the temperature interval 
15-45°. 

Determination the dissociation constant the 
glutamine enzyme complex. For the determination 
the apparent dissociation constant Michaelis con- 
stant) the intermediate glutamine glutamine trans- 


Vv 
— 
c 
= 
= 

a. 


Time incubation, 


Fig. Time activity curve 
the reaction. The systems 
contained moles each 
0.05 VB, 8.4, and were 
incubated 37°. 


aminase complex measured the rates transamina- 
tion systems which the concentration amino 
group acceptor was kept constant while that 
glutamine was varied, from 3.5 The 
total volume the systems was ml, and the incuba- 
tion time was hr, 37°. Burk plot [14] 
was made the APhe values found, relating the recip- 
rocal the velocity (1/V) that the glutamine con- 
centration (1/S). The value derived from this plot 
the observations Greenstein [2, 15] and Meister 
that above certain limits increase concentration 
the a-keto acids lowers the activity glutamine trans- 
With PhP inhibition enzyme activity begins 
was not, therefore, possible achieve accurate deri- 
viation the value for systems containing a-keto 
acids. 

Denaturation glutamine transaminase urea. 
could find references the literature the 
quantitative aspects inhibition transaminases 
the action denaturing agents such urea, which affect 
the tertiary structure the enzyme protein molecule. 
found that urea inhibits glutamine transaminase acti- 
The enzyme solution was preincubated with urea 
for min 25°, substrate was added, and the system 
was incubated for 37°. The results these experi- 
ments are presented Fig. from which appears that 
gives 68% Inactivation glutamine trans- 
aminase urea was found irreversible. Reactiva- 
tion enzyme preincubated with urea could not 
chieved dialysis against several changes distilled 
water, with stirring, for hr. 

Effect sulfhydryl poisons and reactivators 
glutamine transaminase activity. Sporadic 
are made the authors cited above the effects 
number substances (e.g., cyanide, NaF, azide, cysteine, 


AAmino acid, pmoles 


Fig. Optimum Glu- 

transaminase. Volume 
PhP (each incubated 

moles) and pyruvate 
and (each 


4 
igo! 


Effect Thiol Poisons and Reactivators Glutamine Transaminase 
Activity. The systems contained glutamine and 


Additive 


sulfhydryl compound 
(reactivator) 


inhibitor 


Control 


GSSG 
PCMB, 
PCMB, 
10-4 
same 


on 
o 
> 
a 


10-3 
same 


Phenylalanine, 
NS 


Fig. Thermal inactivation gluta- 
mine transaminase, One enzyme 
solution containing 0.25 protein 


VB, 8.4, was added, and the systems 


were incubated for 37°. 


Phenylalanine, 
> 


Fig. Temperature de- 
pendence the rate trans- 
amination glutamine (for 
experimental details see text). 


5. 


Inhibition, 

3,56 
3,04 
3,56 
3,14 12,9 
29,7 
1,79 50,0 
23,8 
3,00 
4,5 
3,57 
3,90 
2,02 35 
1,53 
26,1 
2,86 20,0 
2,64 26,1 
2,86 20,0 
3,04 14,9 
14,9 


= 


Fig. Relation between rate trans- 
amination between glutamine and phenyl 
mine concentration (from 3.5 
M). Lineweaver Burk plot. 


Urea concentration 
Fig. Denaturalization 


Glu-NH, Transaminase with 
urea, 


APhenylalanine, 


nithiol 
V 60 
é 
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cycloserine) the activity glutamine transaminase 

the II" enzyme system[7, 11]. in- 
vestigated the sensitivity glutamine transaminase 
thiol poisons; now known, enzymes for which pyri- 
doxal phosphate acts co- factor are highly sensitive 
such agents. The action thiol poisons glutamine 
transaminase has not previously been investigated; 
could find only one reference the literature this 
subject [7], reporting that iodoacetate inhibited the acti- 
vity 

our experiments glutamine transaminase was pre- 
incubated with inhibitors for min then 
added some the systems compounds, with 
the object restoring activity, and continued preincu- 
bation for further min, after which substrate was 
added all systems, which were incubated for 
37°, evident from the table that number thiol 
poisons (PCMB, IAA, oxidized glutathione) inhibit the 
activity glutamine transaminase. The inhibition was 
found reversible; could abolished addition 
number thiols (cysteine, Unithiol, reduced gluta- 
thione), which caused full partial reactivation the 
enzymatic activity. 

Under the given conditions, 
benzoate caused 50% inhibition transamination. Full 
activity was restored adding cysteine GSH 
35% inhibition, which was only partially reversed (to 
what higher degree (to reduced glutathione 

SUMMARY 

procedure has recently been developed this 
laboratory [10] for extensive purification glutamine- 
a-keto acid transaminase from 
rat liver, glutaminase, keto amidase and 
most contaminating transaminase activities, 

The purified has been used 
for the study some physico-chemical and catalytic 
properties the enzyme. The rates transamination 
between and acids (pyruvate, phenyl- 
pyruvate, &-ketoisocaproate) were studied quantitative 
estimation the new- formed amino acids paper 
chromatograms. The reaction rates were practically 
linear for The enzyme relatively heat-stable, 
about 35% its activity surviving min heating 80° 
min the boiling water-bath. The temperature co- 
efficient relatively low for enzymic with 
increasing incubation temperature, the rate trans- 
amination augmented about three-fold the range 

from 15° 45°. 


aminase are variable, depending the group ac- 


with pyruvate activity, maximal 8.2; 
with 8.7; with phenylpyruvate, 
9.1. With the latter two acids, considerable ac- 
tivity persists very alkaline media 10). The 
enzyme-substrate dissociation constant for Kg, 

urea high concentrations (in urea solution, the 
strongly inhibited preincubation with thiol poisons; 
iodacetamide (35%), and less efficiently GSSG. 
The activity can restored, more less completely, 
with the aid sulfhydryl compounds (cysteine, GSH, 
1-sulfonate). 


The author deeply indebted Prof. 
Braunshtein for his unfailing guidance throughout this 
work. 
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Gorbadei 


Translated from Russian 


This English translation Dr. Gorbadei’s book includes 
tensive patients with intraarterial procaine infusions. Dr. Veli- 
report was first published the Bulletin the Academy 
Sciences the Kazak SSR. 


Cases peptic ulcer dating back the siege Leningrad 
responded series infusions procaine into the arteries, 
that the patients were able resume their normal activities, 
according the author, Dr. Gorbadei who has reported 
177 cases peptic ulcer treated the Leningrad Sanitary- 
Hygiene Medical Institute. 
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